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ARSTRACT 

An  approach  toward  the  elucidation  of  the  mechanism  of  action  of  frhicafron 
in  promoting  protein  eataholism  has  been  made  1)\’  compariiifi;  the  metabolic 
effects  of  glucafijon  and  hydrocortisone  usinfi;  female  rats  fasted  five  days.  The 
possible  relationship  of  the  level  of  liver  frlycogen  to  protein  ctitiibolism  has  also 
been  investiRated  by  comparing  the  action  of  }>;lucagon  and  epinephrine. 

Roth  glncason  and  hydrocortisone-treated  animals  lost  mort*  weight  and 
t'xcreted  more  urinary  nitrogen,  jihosphorus  and  creatinint'  than  controls.  I'hc 
rate  of  nitrogen  and  phosphorus  e.xcretion  of  glucagon-treated  rats  declined  pro- 
gressiveU’  whereas  that  of  hydrocortisone-treated  rats  incri'asi'd  progressively 
throughout  the  course  of  the  experiment,  .\lthough  the  animals  in  both  groups 
lost  similar  amounts  of  urinary  nitrogen  the  glucagon-treated  rats  lost  less  body 
weight,  tissue  protein  and  urinary  phosphorus.  Furthermore,  hydrocortisone 
caused  an  elevation  in  the  level  of  blood  a  amino  nitrogen  whereas  glucagon 
caused  blood  a  amino  nitrogmi  to  be  depressed.  These  results  suggest  that 
glucagon  and  hydrocortisone  cause  |)rotein  catabolism  by  different  mechanisms. 

It  is  proposed  that  glucagon  acts  directly  on  the  liv('r  to  facilitate  the  catabolism 
of  amino  acids  in  contrast  to  the  |)ostulat(‘d  action  of  hydrocortisone  in  mobiliz¬ 
ing  amino  acids  from  e.xtrahe))atic  tissiu's. 

Epiiu'phrine  and  glucagon  deim-ssed  liver  glycogen  but  the  glycogenolytic 
('flfect  of  e])inephrine  was  of  borderline  significance.  However,  epin«'i)hrine- 
treated  rats  did  not  differ  from  controls  in  respect  to  any  of  the  above  men¬ 
tioned  parameters  of  protein  metabolism.  This  suggests  that  tin*  ])rotein  cata¬ 
bolic  action  of  glucagon  is  not  directly  a  conseepumee  of  naluced  hepatic  glyco- 
gen. 

1>F  PlOATEl)  intramusipular  injections  of  slucaRon  to  optimally  resn- 
\  lated  (liahetic  siihjects  have  been  shown  to  cause  not  only  a  tem- 
p<  vary  aggravation  of  the  diabetes  but  also  a  lo.ss  of  body  nitrogen,  (1,  2, 
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3).  Furthermore,  the  increased  nitrogen  excretion  could  not  be  satis¬ 
factorily  explained  on  the  basis  of  the  elevated  levels  of  blood  and  urinary 
glucose  per  sc.  This  suggested  that  the  increased  protein  catabolism  was  a 
direct  action  of  glucagon  and  not  merely  a  consequence  of  the  aggravated 
diabetic  state.  This  conclusion  is  supported  by  reports  that  in  the  fasted 
rat  glucagon  administration  cau.ses  increased  nitrogen  excretion  without 
producing  glucosuria  or  changes  in  blood  sugar  (4,  5).  Increased  nitrogen 
excretion  following  glucagon  administration  has  also  been  observed  in  the 
rabbit  (h)  and  in  the  dog  (o). 

As  an  approach  toward  characterizing  more  preci.sely  the  nature  and 
significance  of  the  protein  catabolic  action  of  glucagon  it  seemed  worth¬ 
while  to  compare  the  protein  catabolic  actions  of  glucagon  and  hydrocorti¬ 
sone  in  the  fasting  rat.  A  simultaneous  comparison  of  the  effects  of  glu¬ 
cagon  and  epinephrine  on  protein  and  carbohydrate  metal)olism  also 
seemed  pertinent  in  an  attempt  to  define  the  relationship  lietween  hepatic 
glycogen  content  and  protein  catabolism.  To  these  ends,  the  three  hor¬ 
mones  have  been  compared  in  the  fa.sting  rat  on  the  ba.sis  of  their  ability 
to  influence  the  excretion  of  nitrogen,  phosphorus  and  creatinine  as  well 
as  from  the  standpoint  of  their  influence  on  the  content  of  glycogen  and 
protein  of  liver  and  muscle.  The  effects  of  the  hormones  on  the  levels  of 
blood  gluco.se  and  amino  acids  have  also  been  compared. 

MATERIALS  AND  METHODS 

Young  adult  female  rats  of  a  Wistar  strain  were  seleeted  from  stock  when  1 45-100  gm. 
in  weight.  Animals  were  randomly  distributed  among  the  various  experimental  groups 
and  were  individually  housed  in  metabolism  cages  with  onlj-  water  available  during  th(‘ 
course  of  the  expt*riment. 

'i'he  following  experimental  groups  were  established:  1)  Control  Grouj);  rats  in  thi> 
grouj)  receiv(*<l  0.1  ml.  j)eanut  oil  twiee  daily.  2)  Glueagon  Group;  animals  in  this  group 
received  0.75  mg.  of  crystalline  glucagon  in  0.1  ml.  peanut  oil  two  times  a  day.  .3)  Epi¬ 
nephrine  Group;  the  rats  in  this  group  received  0.05  mg.  of  epinephrine  in  0.1  ml.  oil  twio 
daily.  4)  Hydrocortisone  Group;  the  animals  in  this  group  reeeived  0.25  mg.  of  hydro- 
eortisone  in  0.1  ml.  oil  two  times  a  day.  .\11  injections  were  given  subcutaneously,  alttu- 
nating  among  neck,  right  flank  and  left  flank.  Rats  were  weighed  and  urine  w.as  col¬ 
lected  daily. 

On  the  morning  of  the  sixth  day  (12  hours  after  the  last  injection)  after  five  full  days  i  f 
fasting  the  animals  were  anesthetized  with  0.05  ml.  TOO  gm.  body  weight  of  pentob:i‘- 
bital  (00  mg.  ml.).  Ten  minutes  after  the  injection  of  the  pentobarbital  blood  was  drawn 
by  cardiac  puncture  into  oxalated  syringes  and  tubes,  and  the  various  tissues  were  i  - 
moved. 

Tissue  glycogen  was  determined  by  the  anthrone  method  of  Seifter  et  al.  (7).  .\nah>  s 
were  made  of  the  diaphragm,  right  gastrocnemius  and  an  aliquot  of  the  lower  right  (pi;!  I- 
rant  of  the  liver.  These  tissues  were  rapidly  dissected  and  transferred  to  previously  tar  d 
centrifuge  tubes  containing  3  ml.  of  cold  30%  KOH.  After  reweighing  the  sample  s  ;e 
was  tletermined  by  difference.  Samjrles  were  hydrolyzed  and  brought  to  appropri.  e 
volumes  after  repeated  precipitations  with  95%  ethanol.  After  dissection  of  the  samp  s 
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for  slycogon  (leterniinatiou  the  left  gastroencinius,  kidneys,  adrenals  and  the  remainder 
of  the  liver  were  removed  and  weighed. 

The  water  eontent  of  liver  and  left  gast roc m* mins  was  determined  by  drying  in  a 
95°  C  oven  to  eonstant  weight,  .\nalyses  for  total  nitrogen  of  the  dried  samph's  of  these 
organs,  as  well  as  of  the  daily  urine  collection  and  the  pooled  five  daj-  f»‘cal  samjjle  wen' 
carried  out  In-  a  modification  of  the  micro- Kjeldahl  method  (8). 

Daily  urine  samples  were  analyzed  for  phosjjhorus  by  the  method  of  Fiske  and  Subba- 
Kow  (9),  and  for  creatinine  by  a  modification  of  the  .laffe  reaction  (10).  Urinary  glucose 
was  evaluated  daily  by  the  method  of  Somogyi  (11). 

.\liquots  of  cardiac  blood  were  analyzed  for  glucose  by  Somogyi’s  tt'chnicpie  (11) 
and  amino  nitrogen  was  assayed  according  to  Frame,  Russell  and  Wilhelmi  (12). 

The  anim.'ils  withstood  five  days  of  fasting  remarkably  well.  The  rats  were  ah'rt  and 
in  ai)parent  good  health  at  the  time  of  sacrifice.  In  the  rare  instance  in  which  the  animal 
appeared  moribund  it  was  <liscarded  from  the  experiment.  It  may  be  worth  noting  that 
the  epinephrine  treated  rats  were  more  restive,  upon  handling,  than  the  other  animals. 


RESULTS 


Urinary  Nitrogen .  A  summary  of  the  data  concerning;  urinary  nitrogen  is 
sliown  in  Figure  1.  The  glucagon-treated  rats  excreted  much  greater 
average  quantities  of  nitrogen  (5.70  gm.)  tlian  tlie  fasted  controls  (3.05 
gm.)  per  kilogram  of  body  weight  over  the  five  day  fasting  period.  The 
oh.served  differences  in  mean  daily  nitrogen  excretion  between  the  two 
groups  were  highly  significant  (P<.01)  for  the  first  four  days  of  fasting, 
l)ut  the  differences  were  not  significant  (P>.05)  for  the  fifth  day.  It  may 
lie  pertinent  to  point  out  that  the  control  rats  excreted  more  nitrogen  on 
the  last  day  of  fasting  than  on  the  .second,  third,  and  fourth  days.  In 
contrast,  the  epinephrine-treated  animals  did  not  excrete  significantly 
(P>.05)  more  nitrogen  than  the  controls  over  the  five  day  fasting  period 
(Fig.  1). 


Fig.  1.  Influence  of  glucagon,  hydro¬ 
cortisone  and  epinejihrine  on  the  urinary 
nitrogen  excretion  of  fasting  rats.  The 
tandard  error  for  any  value  in  the  figure 
I'  approximate!}'  62.0. 
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0—0  CONTROL 
X - ^X  GLUCAGON 


Fig.  2.  Iiiflufiico  of  fjlucagon,  liydro- 
cortisoiu*  and  epiiiophrine  on  tlu*  urinary 
phosphorus  (‘xcrotion  of  fasting  rats.  Tlie 
standard  orror  for  any  value  in  tlie  Hf^nre 
is  approximately  1.7. 


As  would  be  expected,  the  rats  that  were  given  liydroeortisone  also 
excreted  more  nitrogen  than  the  controls  (Fig.  1).  Although  the  total 
amount  of  nitrogen  that  was  excreted  by  the  hydrocortisone  group  during 
the  five  day  fasting  period  was  of  the  same  order  of  magnitude  (o.4o 
gm.  kg.)  as  that  of  the  glucagon  group,  the  patterns  of  nitrogen  excretion 
of  the  two  groups  were  strikingly  different.  The  increased  nitrogen  excre¬ 
tion  of  the  glucagon-treated  rats  was  maximal  at  the  out.set  and  tended 
to  wane  progre.ssively  as  fasting  continued.  However,  the  increased  nitro¬ 
gen  excretion  induced  by  hydrocortisone  increased  progressive!}’  as  the 
fasting  continued  so  that  the  greatest  excretion  of  nitrogen  was  reached  on 
the  fifth  day. 

Urinary  Phosphorus.  In  general,  the  patterns  of  mean  daily  excretion  of 
phosphorous  (Fig.  2)  for  the  controls,  glucagon-,  hydrocortisone-  and 
epinephrine-treated  groups  of  rats  reflected  fairly  closely  the  correspond¬ 
ing  changes  in  urinary  nitrogen  excretion.  An  increase  in  urinary  phos- 
ph.orus  excretion  over  that  of  controls  accompanied  the  elevated  nitrogen 
excretion  of  the  glucagon-  and  hydrocorti.sone-treated  rats.  The  observed 
difference  between  the  control  and  glucagon-treated  rats  was  .significant 
only  on  days  1  and  2  of  the  fa.st,  whereas  the  differences  between  the 
control  and  the  hydrocortisone-treated  rats  were  significant  only  on  day 
3,  4  and  o  of  the  fasting  period.  The  animals  receiving  hydrocortisone  ex 
creted  .significantly  more  phosphorus  than  the  glucagon  group.  The  total 
phosphorus  excretion  for  the  o  day  fasting  period  amounted  to  21  » 
mg.  kg.  for  the  controls,  314  mg.  kg.  for  the  glucagon  rats,  and  4(‘>  i 
mg.  kg.  for  the  hydrocorti.sone-treated  animals. 

Urinary  Creatinine.  The  rats  treated  with  glucagon,  hydrocortisone  i 
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Fig.  3.  InfliuMico  of  >j;luca}f()ii,  liydro- 
cortisono  and  opinephrino  on  tlie  urinary 
creatinine  excretion  of  fasting  rats.  The 
standard  error  for  an}-  value  in  the  fij^ure 
is  apiiroxiniately  1.0. 


0—0  CONTROL 

X - X  GLUCAGON 

(l.5mg/DAY) 

#— •  EPINEPHRINE 
(O.lmg/DAY) 

A . A  HYDROCORTISONE 

(0.5mg/DAY) 


DAYS 


epinephrine  excreted  .sifj;nificantly  greater  amounts  of  creatinine  daily  tlian 
tlie  control  group  during  the  course  of  the  experiment  (Fig.  d).  However, 
unlike  the  phosphorus  patterns  the  mean  daily  patterns  of  creatinine 
excretion  did  not  clo.sely  parallel  the  corresponding  daily  changes  in  nitro¬ 
gen  excretion. 

lilood  a-Amino  Xiirugcti.  (llucagon  and  hydrocortisone  appeared  to  have 
diametrically  opposed  effects  on  the  level  of  hlood  amino  acids  (Table  1). 
M  the  end  of  the  o-day  fasting  period,  the  mean  level  of  blood  «-amino 
nitrogen  of  the  glucagon-treated  rats  was  reduced  to  approximately  two- 
thirds  of  the  level  of  the  control  animals,  whereas  the  mean  level  of  blood 
a-amino  nitrogen  of  the  hydrocortisone-treated  animals  was  increased  by 
slightly  more  than  a  thinl  above  control  levels.  The  ob.served  differences 
were  highly  .significant  (P<.01).  In  contrast,  no  difference  was  noted  in 
the  levels  of  blood  a-amino  nitrogen  between  the  rats  that  were  given 
epinephrine  and  the  control  rats. 


T.\BI,E  1.  InKI.I  ENCK  ok  VAKIOI  S  IIOKMONES  on  the  mean  BI.OOI)  I.EVEl.S  OK  (il.rcoSE 
AND  rt-A.MI.\d  ACID  N  IN  KE.MAI.E  KAT.s  STAKVEI)  KOR  KIVE  DAYS* 


(irouj) 

Xo.  of  animals 

Mg.  % 

Hlood  ghicosi'  Hlood 

amino  X 

C'ontrol 

It) 

88..') 

9.8 

t'diieagon 

1 1 

8'.» .  1 

0.9 

Kpine|)hrine 

10 

.')().  0 

9.3 

Hydrocortisone 

7 

H5 . 7 

13. .T 

Standard  Krror  for  (,'olumn  I'hitry 

0.0 

0.0 

'  The  stiiiidiird  error  in  ciich  ciise  is  of  the  form  s/h  where  s  is  a  jiooled  (“sliinate  of  the 
I  tra-t?roup  standard  deviation  (based  on  34  degrees  of  freedom)  and  n  =  9. .5  is  the  averagi; 
t  oup  size. 
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Body  Weight,  Organ  Weight  and  Tissue  Protein  (Table  2).  The  rats  that 
received  glucagon  or  hydrocortisone  during  the  o-day  fasting  period  lost 
respectively  14.o%  and  20.8%  more  weight  than  the  controls,  whereas  the 
animals  that  were  treated  with  epinephrine  showed  no  significantly  dif¬ 
ferent  weight  loss  from  that  of  the  control  group. 

The  mean  weights  of  the  liver,  gastrocnemius  muscle  and  adrenals  of 
the  glucagon-treated  animals  were  .significantly  le.ss  than  those  for  the 
controls  (P  <.0.5).  Administration  of  hydrocortisone  was  as.sociated  with  a 
significant  reduction  in  weight  of  diaphragm  as  well  as  of  the  gastrocnemius 
muscle.  Neither  glucagon,  hydrocortisone  nor  epinephrine  had  any  effect 
on  kidney  weight.  There  were  no  .significant  changes  in  the  content  of 
water  in  either  the  liver  or  the  gastrocneumius  muscle  of  the  epinephrine 
or  glucagon-treated  animals.  However,  the  water  content  of  both  liver  and 
gastrocnemius  muscle  was  significantly  elevated  in  the  rats  treated  with 
hydrocortisone. 

The  protein  concentrations  in  the  livers  and  gastrocnemius  muscles  of 
the  glucagon-treated  animals  did  not  differ  .significantly  from  tho.se  of  the 
controls.  However,  treatment  with  epinephrine  resulted  in  .significant  de- 
pre.ssions  of  both  liver-  and  muscle-protein  concentration.  Hydrocortisone 
decreased  the  per  cent  protein  of  the  liver  but  not  of  the  gastrocnemius. 

The  total  protein  contents  of  the  livers  and  gastrocnemius  muscles  of 
the  animals  receiving  either  glucagon  or  hydrocortisone  were  calculated 
to  be  significantly  less  than  those  of  the  controls.  This  could  be  attributed 
in  large  part  to  the  decreased  weight  of  the  above  mentioned  organs 
{ride  supra).  On  the  other  hand,  the  total  protein  content  of  the  liver  and 
gastrocnemius  muscle  was  not  altered  by  administration  of  epinephrine. 

Blood  Glucose.  The  mean  levels  of  blood  glucose  of  the  glucagon-treated 
rats  at  the  end  of  five  days  fast  were  not  different  from  those  of  the  control 
animals  (Table  1).  Administration  of  epinephrine  or  hydrocortisone  re¬ 
sulted  in  a  significant  lowering  of  the  blood  glucose  levels.  The  reduction 
was  more  marked  in  the  case  of  hydrocortisone. 

Tissue  Glycogen.  In  comparison  with  control  animals,  the  hepatic  glycogen 


Table  2.  Ixkh  ence  ok  vakioks  hormoxe.s  o\  body  \VEi(iHT,  oroa.v  weioht  and 

TI.SSI  E  I’ROTBIX  OK  KEMALE  RATS  STARVED  KIVE  DAYS* 


(troup 

No. 

Body  wt. 
(gm.) 

Organ  weight 

_  - - 

To 

H^) 

n  protein* 

Total  proteii' 
(lllR.) 

ruts 

Start 

Loss 

Liver 

{(cni.) 

phraicni 

(iiig.) 

neniius 

(mg.) 

adrenal  kidney 
(mg.)  (gm.) 

Liver 

Gastroc¬ 

nemius 

I Gastroe- 
nemius 

I  Gastri ' 

neniiii 

<  'ontrol 

10 

156 

41 

3.56 

310.2 

650.4 

.36.5 

1.054 

72.71 

76.34 

75.82  86.38 

735.2  132. « 

(jlucagon 

n 

I5( 

48 

3.01 

297.6 

579.2 

31.2 

1.056 

73.06 

76.94 

75.43  85.. 37 

608.9  114.’ 

Kpinephrine 

10 

159 

44 

3.65 

264.5 

672.1 

.37.8 

1.086 

72.99 

75.95 

72.56  81.88 

711.9  1.32. 

Hvdroeortwone 

7 

148 

5» 

3.31 

272.5 

491.9 

?2.9 

1.074 

77.38 

77.81 

71.99  87.72 

541.9  95. 

Standard  Krror  for 

(’olunm  Entry 

1.6 

0.16 

11.7 

25.4 

1.8 

0.039 

0,65 

0.59 

0.60  0.59 

16.1  2. 

*  See  Table  1. 

2  Protein  analysis  on  a  dry  weight  basis. 
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TaBLK  S.  TiIK  INFM  ENC'E  ok  VARIOl'S  HORMONES  OX  THE  MEAN  (il.YCOOEN  t’ONCENTRA- 
TION  OK  UIAPHRAOM,  EIVER  AND  Ci ASTROCNEMI TS  OK  KEMAI.E 
RATS  STARVED  KOR  KH  E  DAYS' 


(Irouj) 

No.  of 
animals 

I)iai)hraKm 

%  glycogen 

liver  1 

( lastrocnemius 

('ontrol 

10 

0.204 

0.081 

0.387 

(JluciiKon 

11 

0.247 

0.302 

0.339 

Epinephrine 

10 

0.229 

0 . 470 

0.304 

Hydrocortisone 

7 

0.372 

0.907 

0.343 

Standard  Error  for  C'oluinn  Entry 

0.024 

0.099 

0.034 

'  Sve  footnote  T!it)le  1. 


levels  of  the  glucagon-treated  rats  were  reduced  by  5()%;  this  is  a  signifi¬ 
cant  difference  (Table  8).  Epinephrine  administration  resulted  in  a  81% 
reduction  of  hepatic  glycogen  from  control  values,  whereas  hydrocortisone 
administration  was  associated  with  a  88%  elevation  in  liver  glycogen  con¬ 
tent;  but  these  changes  are  of  borderline  significance.  Hydrocortisone 
treatment  of  the  starved  rat  resulted  in  a  significant  increase  in  the  per¬ 
centage  of  glycogen  in  the  diaphragm  but  neither  epinephrine  nor  glucagon 
had  any  effect  on  the  diaphragmatic  glycogen  content.  None  of  the  experi¬ 
mental  procedures  appeared  to  alter  the  glycogen  concentration  of  gastroc¬ 
nemius  muscle. 


DISCUSSION 

The  results  clearly  show  that  glucagon  was  capal)le  of  stimulating 
))rotein  catabolism  in  the  starved  rat  just  as  it  did  in  the  fed  animal  (o), 
or  in  the  fed-insulin-treated  diabetic  subject  (1-8).  However,  the  hyper¬ 
glycemia  and  glycosuria  which  have  been  characteristically  associated  with 
the  repeated  administration  of  glucagon  were  absent.  This  is  in  agreement 
with  the  results  of  other  workers  (4,  o).  The  accelerated  breakdown  of 
body  protein  was  evident  not  only  from  the  increased  excretion  of  uri¬ 
nary  nitrogen,  phosphorus  and  creatinine  but  also  from  the  greater  loss  in 
body  weight  and  decreased  mass  of  liver  and  muscle  tissues  of  the  glucagon- 
treated  rats  compared  to  the  controls. 

The  protein  catabolic  action  of  glucagon  and  hydrocortisone  differed  in 
several  noteworthy  respects,  (ilucagon  caused  a  decrease  while  hydro¬ 
cortisone  caused  an  increase  in  the  level  of  circulating  amino  acids.  The 
increase  in  nitrogen  and  phosphorus  excretion  induced  by  glucagon  ad¬ 
ministration  was  maximal  at  the  onset  and  tended  to  decrease  progressively 
a  -  the  fasting  continued,  whereas  the  extra  nitrogen  excretion  induced  by 
l.vdrocortisone  increased  progressively,  attaining  the  highest  value  on  the 
1  st  day  of  the  fast. 

It  is  of  interest  that  although  the  total  amount  of  nitrogen  that  was 
e.'creted  by  the  hydrocortisone  group  during  the  five  day  fasting  period 
V'ls  of  the  same  order  of  magnitude  as  that  of  the  glucagon  group,  the 
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hydrocortisone-treated  rats  exliihited  a  fjreater  loss  of  muscle  mass  as 
well  as  a  greater  loss  in  body  weight.  Furthermore,  the  phosphorus  excre¬ 
tion  of  the  hydrocortisone  animals  was  significantly  greater  than  that  of 
the  glucagon  animals. 

The  differences  in  the  above  parameters  suggest  that  the  mechanism 
of  protein  catabolism  of  glucagon  is  different  from  that  of  hydrocortisone, 
and  hence  is  probably  not  mediated  by  a  stimulation  of  adrenal  cortical 
secretions.  Furthermore,  the  differences  provide  some  insight  into  the  locus 
and  nature  of  the  protein  catabolic  action  of  glucagon. 

It  has  been  postualted  that  adrenal  cortical  hormones  act  mainly  out¬ 
side  of  the  liver  when  they  affect  nitrogen  metabolism  serving  to  facilitate 
the  mobilization  of  amino  acids  (Id)  and  tissue  protein  (14),  by  promoting 
protein  catabolism  and  iidiibiting  protein  anabolism  (lo).  This  concept 
has  been  based  largely  on  the  following  type  of  experimental  evidence. 
An  increase  in  the  level  of  plasma  amino  acids  has  been  observed  follow¬ 
ing  the  administration  of  either  adrenal  cortical  extract  (ACE)  (10)  or 
•VCTH  (17,  bS)  to  intact  or  eviscerated  animals.  Conversely,  adrenalec¬ 
tomy  has  been  shown  to  lower  the  rate  of  accumulation  of  plasma  amino 
acids  both  in  eviscerated  (Iff,  20)  and  non-eviscerated  (Ki)  rats,  while  the 
administration  of  glucose  has  been  reported  to  abolish  the  extra  amino 
acid  accumulation  after  .VCIO  treatment  in  the  eviscerated  rat  (20).  Ex¬ 
periments  in  vitro  (21)  have  also  shown  that  the  amino  nitrogen  produc¬ 
tion  from  the  diaphragms  of  adrenalectomized  rats  is  significantly  less 
than  normal  and  may  be  restored  to  normal  by  pretreatment  of  the  animals 
with  ACI'i.  Our  findings  in  the  intact,  fa.sted,  hydrocortisone-treated  rat 
are  in  agreement  with  these  observations  and  lend  support  to  the  hypoth¬ 
esis  just  outlined  for  the  mechanism  of  protein  catabolism  by  hydro¬ 
cortisone.  By  the  same  line  of  reasoning  the  fall  in  blood  amino  acids  in 
the  face  of  increased  urea  production  and  nitrogen  excretion  may  be  con¬ 
sidered  as  presumptive  evidence  that  in  the  glucagon-treated  rats,  amino 
acids  are  being  removed  and  deaminated  by  the  liver  at  an  accelerated 
rate.  This  suggests  that  the  locus  of  action  of  glucagon  in  nitrogen  metabo¬ 
lism  is  predominantly  hepatic  and  at  the  amino  acid  level,  facilitating 
gluconeogenesis  from  amino  acids. 

The  decreased  loss  of  body  weight  and  tissue  mass  of  the  glucagon 
animals  as  compared  to  the  hydrocortisone  animals  even  though  both 
groups  excreted  approximately  the  same  amount  of  extra  nitrogen  over 
that  of  the  controls  suggests  that  the  extra  nitrogen  excreted  by  th  ■ 
animals  receiving  glucagon  may  have  been  derived  from  the  availabi' 
pool  of  free  amino  acids  as  well  as  from  the  breakdown  of  tissue  proteii  . 

The  failure  of  epinephrine  to  depress  the  level  of  blood  a-amino  nitrogc  i 
or  to  increase  protein  catabolism  de.spite  an  apparent  glycogenolytic  eff’e(  t 
argues  against  the  probability  that  the  influence  of  glucagon  in  increasin:? 
the  rate  of  gluconeogenesis  from  amino  acids  is  a  result  of  its  glycogem  - 
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lytic*  action.  However,  it  should  he  pointed  out  that  our  results  are  at 
variance  with  those  of  Hose  and  Nelson  (22),  who  did  show  an  effect  of 
epinephrine  on  protein  catabolism  when  the  hormone  was  given  in  suf¬ 
ficiently  large  amounts  to  depress  liver  glycogen.  These  investigators 
demonstrated  an  accumulation  of  urea  in  the  blood  of  nephrectomized 
rats  as  well  as  a  decrease  in  liver  glycogen  following  intra portal,  but  not 
systemic,  injections  of  7  IdO  gm.  rat  hour  of  epinephrine.  The  signifi¬ 
cance  of  the  glycogen  changes  in  the  studies  of  Nelson  and  Hose  is  ecpiivo- 
cal  in  view  of  the  very  low  values  of  liver  glycogen  of  their  control  groups. 

In  view  of  the  increased  hepatic  glycogen  content  and  increased  pro¬ 
tein  catabolism  of  the  hydrocortisone-treated  rats  we  did  not  anticipate 
the  low  blood  sugar  values  that  we  observed  in  this  group  of  animals.  Nor 
would  we  have  expected  that  treatment  with  epinephrine,  a  hyperglycemic, 
glycogenolytic  agent,  would  have  resulted  in  the  ob.served  low  blood  .sugar 
values.  \\'e  have  no  explanation  for  the  causal  factors  leading  to  this 
change  in  blood  sugar.  It  should  be  noted  however,  that  the  animals  in 
both  groups  tolerated  the  five  day  fast  extremely  well.  None  of  the  animals 
were  moribund. 

Although  the  precise  relationship  between  the  glycogenolytic  and  pro¬ 
tein  catabolic  actions  of  glucagon  remains  to  be  defined,  the  observed 
influences  of  glucagon  on  nitrogen  metabolism  in  the  fed  and  in  the  fasted 
animal,  suggest  that  both  actions  may  be  a  reflection  of  a  more  general 
effect  of  the  hormone  in  the  liver.  The  studies  thus  far  are  of  interest  in 
that  they  raise  the  possibility  that  glucagon,  as  well  as  hydrocortisone, 
is  an  important  hormonal  factor  in  the  physiological  regulation  of  protein 
catabolism.  They  also  raise  the  possibility  that  glucagon  may  be  an 
important  hormonal  link  between  carbohydrate  and  protein  metabolism. 

ADDENDUM 

Since  this  paper  was  written,  W.  C.  Shoemaker  and  T.  H.  Van  Itallie, 
Endocrinology,  66:  2()0,  IBtiO  have  reported  an  increased  hepatic  uptake 
of  alpha  amino  nitrogen  after  glucagon-induced  glycogenoly.sis,  beginning 
promptly  and  reaching  a  maximum  about  4.5  minutes  after  glucagon  ad¬ 
ministration.  They  have  interpreted  these  changes  however,  to  mean 
increased  gluconeogenesis  as  a  consecpience  of  depletion  of  liver  glycogen 
St  ores. 
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ABSTRACT 

Pituitary  liomononatos  from  fjilts  at  difTcrent  stages  of  the  estrous  eyel<>  and 
gestation  did  not  stimulate  or  inhibit  in  vitro  progesterone  syntliesis  l)y  gilt 
luteal  tissue  in  Krehs-Ringer  hiearhonate  buffer  mt'dium  eontaining  200  mg. 
glueose.  Xon-pituitary  gonadotrojdiins,  PMS  and  IlCd;  relaxin;  and  oxytoeie 
materials,  Syntoeinon  and  Purified  Oxytoeie  Prineiple,  had  no  effeet  on  in 
vitro  synthesis  of  progesterone  by  swine  luteal  tissue.  Ovine  laetogenie  hormone 
(l)rolaetin,  uteotrophie  hormone  or  LTH)  had  no  deteetable  effeet  on  in  vitro 
or  in  vivo  luteal  funetion.  Subtotal  hystereetomy  jjrolongc'd  the  funetional  life  of 
gilt  eorpora  lutea  as  indieated  by  ])rogesterone  eontent  and  eapaeity  of  tissue 
to  synthesize  the  hormone  in  vitro.  Kndometrial  filtrates  from  days  12  and  13  of 
the  estrous  eyeh>  inereased  in  vitro  progesterone  synthesis  by  luteal  tissue 
whereas  filtrates  from  days  10  and  IS  showed  a  definite  inhibitory  effect  on  hor¬ 
mone  produetion. 

Results  of  experimental  work  witli  several  species  of  animals  indi¬ 
cate  in  vitro  activity  of  steroid  synthesizing  tissues  can  he  altered  by 
the  inclusion  of  certain  hormones  in  incubation  media.  For  example, 
'repperman  (1)  has  reported  that  corticotrophin  added  to  slices  of  dog 
adrenal  cortex  caused  a  reduction  in  ascorbic  acid  and  an  increase  in  respi¬ 
ration.  Production  of  corticoids  by  rat  adrenal  slices,  according  to  Saffran 
(I  at.  (2),  was  dependent  upon  the  (piantity  of  corticotrophin  in  the 
medium.  Rrady  (8)  demonstrated  that  chorionic  gonadotrophin  favored  in 
vitro  conversion  of  acetate  to  testosterone  by  slices  of  rabbit,  swine  and 
human  testes.  According  to  Hollander  and  Hollander  (4),  the  conversion 
of  testosterone  to  estradiol  in  dog  ovary  slices  was  stimulated  by  FSH. 
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Since  it  has  been  demonstrated  that  endocrine  organs  respond  to  tropliic 
hormone  stimulation  under  in  vitro  conditions,  tlie  objective  of  this  study 
was  to  evaluate  factors  which  may  influence  in  vitro  progesterone  synthesis 
by  swine  luteal  tissue  in  an  attempt  to  elucidate  the  yet  unknown  factors 
responsible  for  the  development,  maintenance  and  regression  of  the  corpus 
luteum.  The  following  substances  were  investigated:  homogenates  of  whole 
gilt  pituitary  glands,  ovine  lactogenic  hormone  (prolactin,  luteotrophic 
hormone  or  LTH),  gonadotrophic  hormones  (PAIS  and  HCXJ),  oxytocin, 
relaxin  and  gilt  striated  muscle  and  uterine  filtrates.  In  addition,  data  are 
also  presented  on  effect  of  subtotal  hysterectomy  on  piogesterone  content 
of  luteal  tissue. 


MATERIALS  .\X1)  METHODS 

Animals  usod  in  this  study  wore  crossbred  milts,  weimliinm  225-:t0()  lbs.,  which  were 
cheeked  daily  with  vasectomized  boars  to  determine  occurrence  of  estrus  and  length  of 
estrous  cycles.  The  average  length  of  estrous  cycles  in  gilts  is  21  days  ami  pn'gnancy  is 
113  days.  Procedun'S  for  evaluating  in  vitro  progesterom;  synthesis  by  gilt  luteal  tissue 
and  for  (piantitative  estimation  of  prog(‘sterone  have  been  described  in  detail  by  Duncan 
c<  at.  (5).  This  method  involves  incubating  slices  of  luteal  tissue,  obtained  from  gilts  im¬ 
mediately  following  slaughter,  in  Krebs-Ringer  bicarbonate  buffer  medium  containing 
200  mg.  ^  gluclos(“  for  2  hours  at  37.5°  ('  under  an  atimtsphere  of  95%  (b  and  5%  ('Oj. 
Following  incubation,  progesterone  content  of  the  tissue  and  its  resjjcctive  medium  is 
cpiantitatively  estimated  by  a  method  utilizing  95%  ethanol  extraction,  aluminum  oxide 
column  adsorption  chromatography,  counter  current  distribution,  i)aper  i)artition  chro¬ 
matography  and  ultraviolet  absorption  spectro!)hotometry.  Hei)orted  progesterone  con¬ 
centrations  have  been  adjiistc'd  for  an  average  recovery  of  S4.7%.  Determinations  were 
carried  out  with  550  to  700  mg.  of  luteal  tissue  with  the  exception  of  day  4  of  cycle  in 
which  case  150  mg.  was  used. 

Kffect  of  gilt  i)ituitary  on  in  vitro  synthesis  of  progt'stiTone  by  luteal  tissue  was  in¬ 
vestigated  by  incubating  whole  gland  homogenates  in  Krebs  bicarbonate  medium  with 
luteal  tissue  from  the  same  animal.  Kffects  of  incluiling  the  following  in  incubation  me¬ 
dium  wer(“  investigated:  lactogenic  hormone  (I/I'H.  .\rmour  and  C'o.)  in  amounts  from 
5to000i.u.  gm.  of  luteal  tissue;  PAIS  ((iona<logen.  The  ri)john  ('o.)  50  to  2000  i.u.  gm.; 
H('(l  (Follutein.  K.  R.  Squibb  and  ('o.)  50  to  :i<S00  i.u.  gm.;  relaxin  (Releasin,  Warnei- 
t'hilcott  Laboratories)  00  to  UiO  /xg.  gm.;  oxytocin  (Syntocinon,  Sandoz,  Inc.)  3  to  1 12 
r.S.P.  units  gm.;  and  (Purifiial  Oxytocic  Princiide  (P.O.P.),  .Vrmour  and  Co.)  1  to  ss 
r.S.P.  units  gm. 

Fndometrium  from  gilts  at  known  stages  of  the  rei)roductive  cycle  was  also  prepared 
as  incubation  medium.  This  material,  obtained  by  scrai)ing  uterine  cornu  removed  at 
time  of  slaughter,  was  subj»‘ct(‘d  to  repeated  freezingand  thawing  (3 X).  These scrapiiii^s 
were  filtered  through  double  layered  cheesecloth  and  the  resulting  filtrate  adjusted  to 
1)H  7.4  and  buffenal  with  1.3%  sodium  bicarbonate  prior  to  use.  Depending  ui)on  tin- 
stage  of  the  reproductive  cycle,  a  single  uterus  furnishes  20  to  100  ml.  of  filtrate  with  aj)- 
proximatelv  SO  mg.  of  dry  matter  per  ml.  .\queous  filtrab-s  of  myometrium  and  striat  <1 
muscle  were  prepan-d  for  incid)ation  im-dium  in  the  same  manner  as  endometrium. 

Subtotal  hyst<‘rectomy  (from  mid-cervix  to  tubo-uterine  junctions)  of  gilts  was  p-  r- 
formed  7  and  15  days  after  estrus.  ('orpora  lutea  jjresent  at  time  of  hyst('rectomy  wi  re 
marked  with  carbon  black  to  aid  in  evaluating  their  survival,  .\nimals  were  sluaghtei  -il 
25  or  50  days  after  surgery  and  initial  as  well  as  post  2  hour  incubation  progesterone  c  ii- 
eentrations  in  luteal  tissue  were  determined. 
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Table  1.  EtKEt  T  of  homogenized  gilt  pituitary  and  of  lactogenic  hormone* 
ON  In  Vitro  progesterone  synthesis  by  gilt  luteal  tissue 


-Mean  proncsteroim  conctMit ration,  /un  nm. 

Day 

No.  of 
animals 

2  hr.  inciihation 

Initial  With  With 

('ontrol  lioinoKPiiizpil  lactoncnic 
pituitary  lioiinoiip 


4(’t 

:t 

21 

1 50 

102 

1.50 

8C 

8 

40 

112 

114 

111 

I2C 

4 

(11 

187 

181 

187 

Hit' 

8 

74 

145 

145 

144 

ISC 

8 

0 

0 

0 

0 

IfiPt 

8 

82 

121 

100 

112 

24  P 

4 

84 

1.52 

140 

1.58 

48P 

4 

10.5 

180 

142 

148 

72P 

4 

08 

100 

107 

104 

tlliP 

8 

52 

08 

188 

117 

02  P 

8 

21 

08 

08 

08 

*  Armour  and  Co.  LTll  .WLO'ilO. 
t  Kst rolls  cycli*. 
t  Pregnancy. 


RESULTS  A.\l)  DISCUSSION' 

Table  1  presents  data  sliowing  etTeets  of  lioinosenized  gilt  pituitary  and 
lactogenic  lionnone  on  in  vitro  syntliesis  of  progesterone  liy  luteal  tissue, 
'riiese  data  indicate  that  addition  of  homogenates  of  fresh  whole  pituitary 
glands  from  gilts  at  different  stages  of  the  cycle  and  gestation  did  not  sig¬ 
nificantly  (P  =  .0o)  inhibit  or  .stimulate  synthesis  of  progesterone  by  luteal 
ti.s.sue  under  the  experimental  procedures  employed. 

It  has  been  demonstrated  that  lactogenic  hormone  activity  of  gilt  pitui- 
t  a  lies  increases  during  the  luteal  pha.se  of  the  cycle  as  well  as  during  gesta¬ 
tion  (t)).  However,  there  is  no  experimental  evidence  indicating  lactogenic 
hormone  has  a  luteotrophic  function  in  swine.  Ovine  lactogenic  hormone 
had  no  significant  effect  on  the  intrin.sic  capacity  of  luteal  tissue  slices  to 
.synthesize  progesterone  under  the  conditions  employed  (Table  1).  Other 
experiments  suggest  ovine  lactogenic  hormone  is  also  ineffectual  in  altering 
ill  vivo  luteal  function  in  swine.  For  example,  2  gilts  were  given  intramu.s- 
ciilar  injections  of  12.5  and  2.50  i.u.  daily  for  '.i  days  prior  to  slaughter  on  day 
12  of  the  cycle.  This  treatment  did  not  alter  initial  concentration  of  pro¬ 
gesterone  in  luteal  ti.ssue  or  influence  in  vitro  .synthesis  of  progesterone.  In 
addition,  2  gilts  were  given  intramuscular  injections  of  lactogenic  hormone 
al  levels  of  12.5  and  2;50  i.u.  beginning  at  day  12  of  the  cycle  and  continuing 
fo:  13  days.  Both  animals  showed  estrus  at  day  21  indicating  this  treatment 
(li  1  not  extend  the  functional  life  span  of  the  corpora  lutea.  These  findings 
of  an  apparent  lack  of  luteotrophic  action  by  lactogenic  hormone  are 
sii'iilar  to  tho.se  reported  by  Smith  et  al.  (7)  for  the  cow.  Sammelwitz  and 
N  Ibandov  (8)  found  lactogenic  hormone  failed  to  counteract  ovarian  re- 
gi  ssion  in  pregnant  gilts  induced  by  daily  injection  of  100  mg.  of  proges- 
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terone.  Bradbury  ct  al.  (9)  and  Hisaw  (10)  failed  to  maintain  corpora  lutea 
of  women  and  monkeys,  respectively,  with  lactogenic  hormone.  Bats  and 
possibly  sheep  (11)  are  the  only  animals  in  which  lactogenic  hormone  has 
thus  far  been  found  to  have  a  luteotrophic  activity. 

Addition  of  the  non-pituitary  gonadotrophins,  PMS  and  IK'Cl,  con¬ 
sidered  luteotrophic  in  the  mare  and  woman  respectively,  to  incubation 
medium  did  not  alter  in  vitro  .synthesis  of  progesterone  by  swine  luteal 
ti.ssue.  Kelaxin,  a  hormone  present  in  .swine  luteal  ti.ssue,  was  also  without 
effect.  However,  the  effect  of  the  original  level  of  relaxin  present  in  ti.ssue 
may  have  been  such  as  to  mask  action  of  additional  relaxin.  There  is  ex¬ 
perimental  evidence  suggesting  oxytocin  may  play  a  part  in  development 
of  the  corpus  luteum.  Armstrong  and  Han.sel  (12)  found  daily  administra¬ 
tion  of  natural  or  synthetic  oxytocin  to  post-puberal  non-lactating  heifers 
during  the  first  week  of  the  estrous  cycle  resulted  in  a  marked  shortening  of 
the  diestrual  period.  These  investigators  concluded  the  observed  effects  of 
oxytocin  were  caused  by  inhibition  of  normal  corpus  luteum  function,  po.s- 
.sibly  by  interfering  with  .secretion  of  a  luteotrophic  hormone  from  anterior 
pituitary.  Addition  of  chlorbutanol-free  Syntocinon  (2()  to  112  U.S.P. 
units/gm.)  did  not  alter  in  vitro  progesterone  synthesis  by  luteal  ti.ssue.  In¬ 
hibition  observed  with  standard  Syntocinon  and  P.O.P.  preparations  was 
caused  by  their  chlorbutanol  (0..5%)  content.  Daily  intramuscular  or  in¬ 
travenous  injection  of  P.O.P.  into  gilts  for  7  days  beginning  at  estrus,  at 
levels  of  o,  2o,  75  and  225  U.S.P.  units  per  100  lbs.  body  weight,  did  not 
alter  the  diestrual  period  of  treated  animals.  They  returned  to  estrus  ap¬ 
proximately  21  days  after  initial  injection.  These  findings  suggest  a  species 
difference  with  respect  to  the  action  of  oxytocin  on  life  span  of  corpora 
lutea  in  swine  and  cattle. 

According  to  Asdell  (13),  growth  of  the  uterus  may  maintain  the  corpu' 
luteum  while  if  uterine  degeneration  occurs  for  any  reason,  degeneration 
of  the  corpus  luteum  may  follow.  The  phy.siologic  nature  of  this  depend¬ 
ency  is  unknown.  Proliferation  of  uterine  endometrium  in  the  gilt  begins 
at  estrus  and  attains  a  maximum  about  the  8th  to  10th  day  of  the  cycle. 
However,  during  the  ititerval  following  day  15  to  the  beginning  of  the  next 
cycle  there  is  a  slow  reversion  to  resting  type  of  all  structures.  The'e 
morphologic  changes  of  endometrium  can  be  correlated  with  functional  (D- 
velopment  and  retrogression  of  corpora  lutea  as  indicated  by  the  proges¬ 
terone  concentration  in  luteal  ti.s.sue  (5). 

Kffects  of  endometrial  filtrates  on  in  vitro  .synthe.sis  of  proge.sterone  by 
luteal  tissue  are  presented  in  Figure  1.  Results  are  expressed  as  percentages 
of  the  progesterone  .synthesized  by  an  aliquot  of  the  .same  tissue  incubal  (1 
in  Krebs-Ringer  bicarbonate  buffer  medium.  There  was  an  increase  in  Ic  r- 
mone  synthesis  by  ti.s.sue  from  both  cycling  and  pregnant  animals  wh 'n 
incubation  medium  was  prepared  from  endometrium  from  the  act  .e 
luteal  phase  of  the  cycle  (Days  12  and  13).  Significant  increases  ran^  id 
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Fig.  1.  Effect  of  endometrial  filtrates  on  in  vitro  progesterone  synthesis  of  gilt  luteal 
tissue  as  eomiiared  to  synthesis  in  Krehs-Ringer  hiearhonate  buffer  medium.  Endo.= 
Endometrium.  C.  L.  =  Corpora  Lutea. 


from  <S1  to  20()%  altove  controls.  Medium  prepared  from  endometrium 
from  tlie  late  diestrual  plia.se  (Days  Hi  and  1<S)  had  a  definite  inhihitorv 
etfect  on  progesterone  .synthesis.  Results  Avith  endometrium  from  pregnant 
animals  Avere  less  conclusiAe.  For  example,  inculiation  medium  prepared 
from  endometrium  at  day  24  of  gestation  showed  hoth  significant  inhibi¬ 
tory  and  stimulatory  effects.  Material  prepared  from  an  animal  Oti  days 
pregnant  increased  progesterone  synthesis  by  Sl%. 

Fdfect  of  dilution,  dialy.sis,  protein  precipitation,  heating  and  solvent 
extraction  of  endometrial  preparations  Avas  studied  to  obtain  preliminary 
characterization  of  the  factor(s)  responsible  for  these  activities.  Specific 
activities  of  tAvo  Day  13  and  of  five  Day  18  filtrates  Avere  removed  liy 
dialysis  against  distilled  Avater  for  48  hours  at  5°  C.  Inhibition  eipiivalent 
to  untreated  endometrial  filtrate  Avas  observed  using  as  substrate  the 
1;  ophilized  dialyzate  obtained  folloAving  dialysis  of  late  diestrual  endo¬ 
metrium  for  48  hours.  Fndometrium  capable  of  ()0%  inhibition  of  pro¬ 
gesterone  synthesis  had  no  effect  on  synthesis  Avhen  it  Avas  used  as  medium 
folloAving  dialy.sis  for  48  hours.  Aliipiots  of  late  diestrual  endometrial 
fihrate  heated  at  28°  C,  50°  C,  75°  C  and  100°  C  for  15  minutes  reduced 
s  nthesis  by  59%,  43%,  19%  and  50%,  respectively.  With  exception  of 
S'  mples  heated  at  100°  C,  in  Avhich  there  Avas  considerable  denatured  pro- 
t‘  in,  inhibitory  effect  is  reduced  folloAving  heating.  Heating  active  luteal 
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phase  endometrial  filtrates  at  80°  C  for  2  lu-  eompletely  remove<l  the 
stimulatory  effect.  Extent  of  inhibition  observed  with  late  diestrual  filtrates 
was  related  to  the  amount  of  filtrate  included  in  incubation  media  main¬ 
tained  at  a  constant  total  volume  of  1  ml.  100  mg.  tissue  with  Krebs  bi¬ 
carbonate  buffer.  Ali(iuots  (5  to  7  ml.)  of  endometrial  filtrates  prepared 
from  uteri  at  Days  18  and  18  of  the  cycle  were  ashed.  These  residues  were 
reconstituted  in  Krebs  bicarbonate  buffer.  Progesterone  synthesis  was 
inhibited  up  to  00%  by  preparations  from  both  stages.  Acpieous  endo¬ 
metrial  filtrates  were  extracted  8X  with  10:1  volumes  of  9')%  ethanol. 
This  ethanolic  phase  was  evaporated  to  dryness  in  vacuo  and  taken  up  in 
Krebs  bicarbonate  buffer.  Two  .such  endometrial  preparations  from  Day 
18  of  the  cycle  did  not  alter  in  vitro  .synthe.sis  whereas  eight  preparations 
from  late  diestrual  material  inhibited  synthesis.  This  inhibitory  effect  was 
retained  following  ether  extraction  of  the  alcoholic  residues  under  acidic, 
basic  or  neutral  conditions. 

Acpieous  myometrial  filtrates  used  as  incubation  media  had  the  same 
relative  effects  as  the  respective  endometrial  preparations  but  of  les.ser 
magnitude  when  compared  on  a  filtrate  dry  weight  basis.  Acjneous  extracts 
of  striated  muscle  obtained  from  7  gilts  during  active  luteal  and  late 
die.strual  phases  of  the  cycle  con.si.stently  inhibited  in  vitro  synthesis  more 
than  00%.  Inhibitory  activity  of  striated  muscle  paralleled  that  of  late 
diestrual  endometrium  in  all  of  the  above  characterizations.  Following  ex¬ 
traction  of  samples  from  two  late  diestrual  gilts  by  the  method  of  Tenny 
et  at.  (14),  inhibitory  activity  a.s.sociated  with  endometrium  was  found  in 
the  acetone  ether  phase  while  this  same  pha.se  obtained  from  muscle  was 
free  of  iidiibition.  Synthe.sis  was  not  altered  in  ti.ssue  incubated  in  serum 
obtained  from  gilts  at  the  18th  day  of  the  cycle  or  the  24th  day  of  gestation. 

I'ixogenous  progesterone  can  initiate  regre.ssion  of  porcine  corpora  lutea 
at  certain  stages  of  the  reproductive  process  (8).  This  induced  regre.ssion  is 
associated  with  a  decreased  luteal  ti.s.sue  weight  of  constant  progesterone 
concentration  (lo),  whereas  naturally  regre.ssing  corpora  of  late  pregnanc.\ 
have  relatively  constant  fresh  weight  but  a  reduced  progesterone  concen¬ 
tration  (.5).  Observed  inhibition  by  late  diestrual  endometrial  preparations 
is  not  believed  to  be  a.s.sociated  with  the  progesterone  content  of  the  uteru- 
since  no  progesterone  could  be  detected  (nor  was  any  synthesized  in  vitro 
in  the  volumes  (4-8  ml.)  of  endometrial  filtrate  used  in  this  study.  Inclu 
.sion  of  up  to  ()()0  jug  of  progesterone  in  the  Krebs  bicarbonate  medium  pc; 
gram  of  luteal  ti.ssue  did  not  inhibit  synthe.sis.  Estrogens  (1(5)  augmeii 
ovarian  response  to  gonadotrophins  in  the  rat.  Under  these  in  vitro  cond  - 
tions,  however,  addition  of  1  mg.  of  sodium  estrone  sulfate,  with  or  witl  - 
out  218  i.u.  of  lactogenic  hormone,  to  Krebs  bicarbonate  medium  did  m  ' 
alter  progesterone  synthe.sis.  Incubation  medium  prepared  from  chit  . 
embryo  extract  (EE-oO,  1-8  ml.  10  ml.  Krebs  bicarbonate  medium, 
furnishing  high  energy  sources,  did  not  alter  in  vitro  progesterone  synthesi  . 
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Tabi-e  2.  Effect  of  si  btotal  hysterectomy  ox  i’rogesterone 

COXCENTRATIOX  IX  LI  TEAL  TISSCE 
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Hratlhury  ct  al.  (9)  .stated  that  in  some  species  apparently  there  are 
Uiteolytie  sulxstances,  especially  in  the  endometrium,  which  hasten  involu¬ 
tion  of  corpora  lutea  in  non-fertile  cycles.  Inactivation  or  removal  of  this 
luteolysin  may  allow  the  corpus  luteum  to  persist  in  an  active  state  for  a 
period  of  time  etpiivalent  to  duration  of  pregnancy.  Re.sults  of  the  investi- 
jiation  reported  here  suggest  a  relationship  between  life  span  of  corpora 
lutea  and  endometrium.  However,  both  the  .stimulatory  and  inhibitory 
activities  observed  with  endometrial  filtrates  may  be  the  residt  of  non¬ 
specific  .substances  pre.sent  in  endometrium.  These  substances  may  or  may 
not  be  involved  in  the  iti  vivo  development,  maintenance  and  regre.ssion  of 
llie  corpus  luteum  during  the  estrous  cycle. 

.V  uterine  effect  on  luteal  activity  may  also  be  observed  in  vivo.  Subtotal 
liyst erect omy  of  gilts  at  7  and  15  days  after  estrus  caused  maintenance  of 
functional  corpora  lutea  at  least  50  days  following  surgery  (Table  2)  as  in¬ 
dicated  by  initial  progesterone  content  as  well  as  the  capacity  of  this  luteal 
tissue  to  synthesize  progesterone  in  vitro.  Initial  hormone  concentrations 
25  and  50  days  post-hysterectomy  corresponded  to  concentrations  during 
the  latter  half  of  the  progestational  phase  of  the  cycle  and  days  10  to  72  of 
gestation  (5).  Increases  following  incubation  were  similar  to  those  of  preg¬ 
nant  gilt  luteal  ti.ssue.  Luteal  progesterone  per  animal  was  comparable  to 
tliat  present  in  animals  during  early  gestation. 

Data  from  this  study  indicate  corpora  lutea  in  gilts  following  hysterec¬ 
tomy  are  not  only  functional  in  terms  of  their  capacity  to  synthesize  pro¬ 
gesterone  in  vitro  but  also  increase  in  activity  beyond  their  pre-hy.'^terec- 
tomy  status.  Rowlands  and  Short  (17)  observed  increa.sed  luteal  size  and 
piogesterone  concentration  following  hysterectomy  in  guinea  pigs.  These 
findings  are  in  agreement  with  results  of  earlier  ob.servers  who  evaluated 
li  ^eal  function  following  hysterectomy  in  terms  of  duration  of  pseudo- 
r  egnancy.  Loeb  (IS)  found  duration  of  pseudopregnancy  in  hysterecto- 
iMzed  guinea  pigs  was  approximately  90  days  as  compared  to  70  days  for 
g  dation.  Asdell  and  Hammond  (19)  noted  corpora  lutea  in  mated  hyster- 
c  tomized  rabbits  retained  their  size  and  ovulation  inhibiting  function  for 
2  to  29  days,  representing  a  life  approximately  10  days  longer  than  that 
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of  the  pseiulopreKnant  corpus  liiteum,  hut  about  6  days  shorter  than  that 
of  the  corpus  luteum  of  pregnancy.  In  the  rat,  Bradbury  et  al.  (9)  reported 
12,  IS  and  22  days  for  tlie  lengtli  of  pseudopregnancy,  pseudopregnancy 
following  hysterectomy  and  gestation,  respectively.  Complete  removal  of 
the  uterus  in  the  ewe  and  cow  caused  maintenance  of  the  corpus  luteum  in 
most  animals  (20).  Spies  cl  al.  (lo)  hysterectomized  four  gilts  7  days  after 
the  beginning  of  heat.  None  of  the  gilts  had  showed  estrus  by  time  of 
slaughter  32,  71,  72  and  119  days  after  the  last  estrus.  According  to  Du 
Mesnil  Du  Buisson  and  Dauzier  (21),  corpora  lutea  persisted  for  117  days 
and  ovulation  occurre<l  about  200  days  after  the  last  estrus  in  hysterecto¬ 
mized  pregnant  and  non-pregnant  sows. 

Hechter  cl  al.  (22)  and  Chu  ct  al.  (23)  have  demonstrated  that  effects  of 
hy.st erect omy  on  persistence  of  corpora  lutea  could  be  abolished  in  the  rat 
and  rabbit  by  transplants  of  uterine  tissue.  However,  a  similar  role  for 
uterine  transplants  has  not  been  observed  in  the  guinea  pig  ( IS)  or  gilt  (lo). 
Mishell  and  Motyloff  (24)  reported  bovine  endometrial  extract  retarded 
ovarian  atrophy  following  hy.sterectomy  in  the  rabbit.  Tenny  el  al.  (14)  re¬ 
ported  similar  findings  following  administration  of  an  acpieous  extract  from 
a  human  uterus.  Reynolds  has  reviewed  other  literature  dealing  with 
physiologic  effects  of  hysterectomy  in  several  species  (2.o).  The  possibility 
of  a  uterine  substance  directly  or  indirectly  influencing  regression  of  cor¬ 
pora  lutea  in  the  non-fertile  cycle  of  swine  must  be  considered. 
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ABSTRACT 

Adri'iials.  thymus  ami  tin*  interscapular  brown  fat  body  (ISH)  wero  oxam- 
iiiod  ill  bO  jircffnant  an<l  (>0  virfjin  fcmalo  hamsters  of  tlie  same  a^t'  and  lireed. 
Adrenals  beeame  siKnifieantly  eidar^fed  dnrinj>;  preffiianey  (25  niK./lOO  kiii.  vs  14 
ms-  100  sm*  in  the  eontrols).  Faseienlata  eells  wen*  hyiiertrophie.  >!;ramilar  and 
more  lightly  stained  (H&K).  Alkalim*  phosphatase  aetivity  was  markedly  in¬ 
creased  in  the  adrenal  cortex  of  jin'Kiiant  as  compared  to  control  hamsters.  The 
thymus  diminished  significantly  in  weight  in  pregnant  hamsters  (41  mg./lOO 
gm.  vs.  03  mg.  100  gm.  in  the  eontrols).  Lymiihoeytolysis  occurred  in  the  sub- 
cajisular  cortex.  The  ISB  diminished  jirogressively  from  2()7  mg.  100  gm.  in 
nonpregnant  hamsters  to  78  mg.  100  gm.  during  the  last  third  of  pregnancy. 

The  numbc'r  and  size  of  intracellular  fat  vacuoles  progressively  decnaised 
throughout  pregnancy  and  the  average  cell  diameter  diminished  from  2‘-iMp  to 
1 1 .8/u.  The  number  of  signet  ring  cells  in  the  ISB  counted  in  10  high  power  fields 
averaged  10  in  the  pregnant  group  and  55  in  the  controls.  C'onsidering  that 
adrenal  hyj)ertroi)hv  or  cortisone  treatment  induces  large  accumulation  of  lipids 
in  the  ISB  of  normal  hamsters,  the  unusual  association  of  enlarged  adrenals 
and  depleted  ISB  in  the  pregnant  hamst(‘r  is  discussed. 

The  functional  significance  of  brown  adipo.se  ti.s.sue  is  not  clarified. 

Brown  fat  is  found  in  many  mammalian  species  including  man  (1).  In 
laboratory  animals  its  proportion  in  relation  to  white  fat  decreases  pro¬ 
gressively  from  birth  to  adulthood  even  in  areas  such  as  the  interscapular 
space  where  brown  fat  is  initially  predominant  (2).  The  interscapul.ar 
brown  fat  body  (ISB)  is  highly  vascular.  Its  size  and  chemical  composition 
are  strongly  influenced  by  hormones,  stre.ss  and  numerous  nutritional  and 
environmental  conditions.  It  has  the  capacity  of  discharging  its  lipid  con¬ 
tent  in  a  matter  of  hours  in  animals  .subjected  to  stress  (1,  .‘I)  and  is  able  to 
increase  its  weight  three-fold  by  .storing  lipids  in  animals  treated  w  th 
cortisone  (2).  In  conjunction  with  this  activity,  glycogen  appears  in  he 
brown  fat  cells  (4,  o).  Metabolically  brown  fat  is  significantly  more  act  ve 

Received  A])ril  28.  1900. 
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-  Part  of  the  material  contained  in  this  pajM'r  was  ijresented  before  the  .Vmei  an 
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208 


February,  1061  BROWN  FAT,  ADRENALS,  THYMES  AND  PREONANC'Y  209 


than  white  fat  as  shown  by  pliosphoriis  turnover  determinations  and 
oxygen  consumption  measurements  ((>,  7,  S,  9). 

In  rodents,  as  well  as  in  monkeys  and  apes,  brown  fat  appears  to  be  the 
main  reservoir  for  the  multiplication  of  all  strains  of  poliomyelitis  virus 
10,  11).  This  discovery  revived  an  interest  in  the  physiology  of  brown  fat, 
nitiating  a  series  of  investigations  concerned  with  the  effect  upon  brown 
at  of  various  factors  known  to  influence  susceptibility  to  poliomyelitis, 
’regnancy  being  a  factor,  its  influence  upon  the  interscapular  brown  fat  is 
eported  in  this  paper. 

M.\TERIAL  AND  METHODS 

Np\vl)orn  female  hamsters  of  the  same  breed  were  sei)arated  into  two  groui)s.  When 
liey  reaelu'd  the  adult  age  and  weight  one  of  the  groi)s  was  jnit  in  eontaet  witli  males 
i.ir  tliree  days  for  mating.  Tlie  other  group  was  kept  as  a  eontrol.  The  age  of  prc'gnaney 
v.as  established  as  aeeurately  as  possible.  Errors  in  estimation  were  retrosja'etively  eor- 
I cted  at  the  time  of  delivery  in  all  animals  in  whieh  the  ISB  was  surgieally  remov(‘d  for 
study  at  various  stages  of  the  preguauey.  The  averag(>  pregnaney  in  hamsters  being  of  a 
(iuration  of  about  10  days  it  was  divided  for  exi)erimental  eonvenienee  into  three  thirds 
(ii  days  eaeh.  Groups  of  pregnant  and  virgin  hamsters  were  i)eriodieally  saerifieed  and 
the  adrenal  glands,  thymus  and  18H  were  weighed  and  prepared  for  histologic  and  histo- 
chemical  examination. 

The  alterations  of  the  interseapular  brown  fat  were  studied  also  in  vivo  by  surgical 
exposure  and  removal  at  various  stages  of  the  pregnaney.  The  precise  delimitation  of  the 
brown  fat  body  in  the  hamster  renders  the  surgical  riunoval  simjrle  and  the  estimation  of 
various  alterations  fairly  accurate.  Histological  examination  followed  the  surgical  n*- 
moval  of  the  ISB  from  both  pregnant  and  control  animals. 

Histologic  studies  were  performed  on  fragments  of  ISB,  adrenals  and  thymus  em¬ 
bedded  in  i)arafhn  and  cut  at  -V  after  fixation  in  10%  neutral  formalin.  The  sections  were 
stained  with  hematoxylin  and  eosin.  Portions  of  the  adrenal  glands  were  also  fix('d  in  S()% 
alcohol.  .After  embedding  and  cutting  at  .a/i  they  were  stained  for  alkaline  phosjdiatase 
activity  following  the  procedure  of  (Jomori  (12).  Differences  between  the  averages  of  the 
weight  of  the  glands  in  experimental  and  control  groups  were  statistically  analyzed  using 
“Student’s”  formula. 

RESULTS 

'Po  obtain  the  average  weight  of  the  adrenals,  thymus  and  ISB  in  preg¬ 
nant  hamsters,  figures  from  animals  at  all  stages  of  pregnancy  were  com- 
ptited  together.  The  increa.se  of  adrenal  mass  as  well  as  the  decrease  in 
weight  of  thvmus  and  brown  fat  are  stati.sticallv  highlv  .significant.  (Table 
1).  ‘ 


Table  1.  Alteration  ok  the  relative  weight  (mo./1()0  gm.  body  weight)  ok 

ADRENALS,  THVMI  S  AND  INTERSeAITLAR  BROW  N  KAT  IN  PREGNANT  AS  COMPARED 
TO  CONTROL  hamsters' 


roup 

No.  of 
animals 

Body 
wt.,  gin. 

.Adrenals,  ,> 

mg. /1 00  gm. 

Thymus, 
mg./ioo  gm. 

ISB,  p 

mg./ 100  gm. 

•ynant 

25 

102 

21  +5.2 

41  +  12 

177 +:w 

0* 

0* 

0* 

■  Irol 

40 

104 

14+2.2 

oa  +  o.o 

2.35  +  47 

'  Deviiitioiis  shown  are  standard  deviation. 
-  0.001. 
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Table  2.  Avekace  weight  ok  the  ixtersc  api  lak  browx  kat  (ISH)  removed 

SI  RGU'ALI.Y  AT  VARIOl'S  STAGES  OK  PREGXAXC'Y  IX  HAMSTERS 


( 'iroiip 

Xo.  of  animals 

Body  wt.,  gm. 

ISH,  wt.,  .Mg. 

P 

I’reunaiit  1-.5  days 

lit 

85 

Hid 

Pregnant  (i-Kt  days 

2(1 

87 

td8 

Pregnant  11-15  days 

Id 

8(i 

78 

0* 

Virgin  Control** 

5d 

i>!t 

2t)7 

*0.001. 

**  Siiicp  no  significiiiit  (lilTcrciiccs  wen*  foiiiul  from  !i  control  group  to  another  they  wen 
all  ]>ooh‘(l  togi'ther  in  a  common  virgin  control  figure. 

The  adrenals  of  do  pregnant  and  do  virgin  hamsters  were  examined  liis- 
tologically.  Tlie  II  tt  I*]  stains  showed  enlargement  of  the  cells  of  the  outei 
and  middle  fasciculata  and  sometimes  of  the  glomerulosa  in  pregnant  ham¬ 
sters.  The  cells  appeared  blown  up,  finely  granular  and  more  lightly  stainetl. 
The  number  of  nuclei  was  counted  in  10  high  power  fields  in  the  adrenals 
in  10  pregnant  and  10  virgin  control  hamsters.  The  average  count  in  preg¬ 
nancy  was  19S  and  in  controls  241,  suggesting  that  in  pregnant  animals  the 
individual  adrenal  cells  are  hypertrophic.  I'he  cells  were  larger  in  pregnant 
than  in  nonpregnant  animals  (Fig.  1). 

Forty  specimens  were  fixed  and  stained  for  alkaline  phosphatase  activity. 
There  was  a  marked  increased  in  alkaline  phosphatase  activity  in  the  ad¬ 
renals  of  pregnant  hamsters.  It  was  present  mainly  in  the  outer  and  middle 
fasciculata  and  sometimes  in  the  entire  fasciculata,  while  control  adrenals 
showed  only  a  narrow  zone  of  activity  in  the  inner  fasciculata  and  reticu¬ 
laris.  The  medulla  and  glomerulosa  were  inactive.  (Fig.  2). 

There  was  variation  in  enzyme  activity.  However,  in  general,  a  definite 
difierence  between  pregnant  and  nonpregnant  hamsters  could  be  observed. 
Phosphatase  activity  was  pre.sent  in  the  cytoplasm,  particularly  near  the 
cell  border.  Delicate  fibers  of  the  capsule  and  occasionally  those  of  the 
.sinusoids  probably  representing  reticulum  fibers,  also  showed  enzyme 
activity.  In  active  cells  the  nuclei  were  stained  also. 

The  thymus  of  pregnant  hamsters  showed  varying  degrees  of  involutimi 
(Fig.  .4).  The  figure  shows  reduction  of  lymphocytes  in  the  cortex,  particu¬ 
larly  in  areas  under  the  capsule. 

.\  progre.ssive  diminution  in  weight  of  the  ISB  occurred  (Tai)le  2).  Vs 
compared  to  controls  studied  .simultaneously  the  difference  is  highly  .-ig- 
nificant. 

Direct  examination  after  surgical  exposure  revealed  that  with  the  pr  ig- 
re.ss  of  the  pregnancy,  the  ISB  became  darker  and  in  many  instan -es 
hemorrhagic. 

The  ISB’s  of  about  40  pregnant  and  30  virgin  female  hamsters  were  ex¬ 
amined  histologically.  The  number  and  .size  of  intracellular  fat  vacuole.-  le- 
creased  markedly  and  progressively  throughout  pregnancy,  (Fig.  4)  hi!* 


Fig.  1.  Adrenal  cortex  of  control  at  left  and  of  i)regnant  hamster  on  rif>;ht.  Tlu*  cortex 
of  the  jiresnant  hamster  shows  larger  cells.  (2.')()X) 
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i'ig.  2.  Average  alkaline  phosphatase  activity  on  adrenal  sections  of  control  at  left 
anil  of  jiregnant  hanster  on  right.  The  activity  is  confined  to  the  reticularis  and  inner 
fasi  iculata  in  the  former  hut  extends  over  most  of  the  cortex  in  the  latter.  (2SX) 
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Fig.  4.  Sections  of  the  interseapular  brown  fat  of  control  at  loft,  and  of  pregnant  h:  li¬ 
ster  on  right.  Lipid  depletion  and  absence  of  signet  ring  eells  are  characteristic  in  the  la»  or 
as  compared  to  the  former.  (250  X) 
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Table  3.  .Mean  kat  tell  diameter  in  the  interscaiu  lar  brown  kat  of  l•RE(i^A^T 

AS  COMI’AREI)  TO  CONTROL  HAMSTERS 


(irDHJ) 

No.  of  animals 

Cell  diameter  n 

FrcuHUHl  1-U)  (lays 

10 

17.3 

l’r(‘);iiiUit  ll-l.T(lays 

5 

11.8 

^'irgiIl  C'oiitrol 

10 

23.3 

change  corresponding  rouglily  to  the  decrease  in  weiglit  of  tlie  ISB.  Tlie 
cells  became  smaller  (Table  The  number  of  signet  ring  cells  was 
markedly  reduced  in  brown  fat  of  pregnant  animals.  The  average  number 
counted  in  10  high  power  fields  was  10  in  pregnant  hamsters  while  in  virgin 
controls  it  was  5"). 

DISCUSSIOX 

From  the  facts  presented  above  it  is  evident  that  in  the  pregnant  ham¬ 
ster,  the  adrenal  gland  becomes  enlarged  while  thymus  and  brown  fat  are 
significantly  diminished  in  size.  The  histologic  and  histochemical  studies  of 
thymus  and  adrenal  cortex  suggest  a  hyperfunctional  .state  of  the  latter. 
This  is,  however,  not  supported  by  the  congested,  lipid  depleted  brown  fat. 
It  has  been  shown  previously  that  cortisone  administration  causes  a 
dramatic  increase  while  adrenalectomy  is  followed  by  .significant  decrease  in 
size  and  lipid  content  of  the  brown  fat  (2,  b).  Unpublished  experiments  in 
our  laboratory  demonstrate  that  among  the  hormones  known  to  be  prev¬ 
alent  during  pregnancy,  progesterone  has  significant  lipid-depleting 
effects  upon  the  brown  fat  of  nonpregnant  hamsters.  .\  similar,  although 
less  significant,  effect  is  exhibited  by  estrogens.  Treatment  with  ACTH  also 
provokes  significant  lipid  depletion  of  the  brown  fat  but  oidy  for  the  initial 
IS  hours.  This  effect  is  progressively  reversed  as  adrenal  hypertrophy  de¬ 
velops  under  the  influence  of  the  treatment.  When  AC'TH  and  cortisone  are 
given  together,  the  fat-depleting  effect  of  the  former  is  apparently  over¬ 
whelmed  by  the  stronger  opposite  effect  of  the  latter.  However,  the  lipid 
storing  activity  of  combined  treatment  is  inferior  to  that  of  cortisone  alone 
indicating  a  certain  degree  of  antagonism  between  the  two  hormones. 
rhe.se  findings  are  consi.stent  with  reports  of  others  (1,  R,  IR)  showing  that 
under  the  influence  of  .stress,  brown  fat  becomes  initially  depleted  then  sur¬ 
charged  with  lipids  (1,  3),  and  that  prolonged  ACTH  treatment  which  in¬ 
creases  the  lipid  content  of  the  ISB  in  the  intact  rat,  decrea.ses  it  to  total 
depletion  in  the  unilaterally  adrenalectomize<l  one  (13). 

It  is  not  clear  as  yet  whether  the  excess  of  lipid-depleting  hormones  in  the 
j)regnant  hamster  is  solely  responsible  for  the  depletion  of  the  brown  fat,  in 
pite  of  the  hypertrophic  adrenal  cortex,  or  whether  the  hypertrophic  ad¬ 
renal  cortex  of  the  pregnant  hamster  is  functionally  different  from  that  of 
he  nonpregnant  animal.  The  latter  possibility  is  suggested  by  the  altered 
Ikaline  phosphatase  activity,  which  is  confined  to  the  zona  reticularis  in 
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the  normal  hamster  but  involves  the  entire  cortex  in  the  pregnant  animal. 

The  disappearance  of  the  signet  ring  cells  concurrent  to  the  progressive 
lipid  depletion  of  the  brown  fat  during  pregnancy,  .strongly  suggests  that 
brown  and  white  fat  tissues  represent  morphologically  reversible  functional 
aspects  of  the  same  cellular  element.  This  viewpoint  also  is  supported  by 
previous  observations  showing  increased  cell  diameter,  coalescence  of  lipid 
vacuoles  and  peripheral  migration  of  nuclei  of  ISB  in  the  cortisone  treated 
hamster  (2). 
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PHARMACX:)LOGICAL  CXIARACTKRISTIC’S  OF  THE  ACTIVE 
PRINCTPLES  IN  NEUROHA POPHYSIAL  EXTRACTS 
FROM  SEVERAL  SPECIES  OF  FISHES^ 


WILBUR  11.  SAWYER,  ROBERT  A.  AIUNSICIC  and 
11.  B.  VAN  DYKE 

Ih partment  of  Plinnnncology,  College  of  Phiisieians  oml  Surgeons, 

Columhid  I'nirersitjj,  Xeie  York,  X.  1’. 

AHSTHAC'T 

Pituitary  extracts  from  a  marine  teleost  (Pollocliiuif  virensi),  a  eyelostome 
(Petrooigzon  inarinus)  and  an  elasmol)raneh  {Sguoliis  aconthiaif)  have  l)een 
sul)jeeted  to  a  variety  of  l)iolojiieal  assays.  The  activities  of  tliese  extracts  liave 
l)een  determined  on  rat  blood  pressure,  rat  antidiuresis,  rat  uterus  in  vitro, 
rahl)it  milk  (‘jeetion,  fowl  blood  pressure,  the  hen  oviduct  in  vitro  and  the  bull¬ 
frog  bhuhh'r  in  vitro.  The  pattc'rns  of  ndative  activities  on  these  assays  for  each 
species  have  been  compared  to  the  patterns  for  known  neurohypophysial 
hormones  and  related  synthetic  analof^ues.  The  evidence  suggests  that  arginiiu' 
vasotocin  (S-arginine  oxytocin)  is  the  major  active  neurohypophysial  peptide  in 
the  teleost  and  eyelostome.  Oxytocin  also  appears  to  be  present  in  the  teleost. 

The  neurointermediate  lobe  of  the  elasmobranch  contains  a  i)attern  of  activities 
that  cannot  be  readily  attributed  to  any  of  the  known  neurohypophysial  pep¬ 
tides  or  synthetic  analogues  that  have  been  examined  to  date. 

M UNSICK  et  al.  (1,2)  demonstrated  that  the  chicken  neurohx-pophysis 
contains  at  least  two  active  peptides.  One  appears  to  be  oxytocin, 
d'lie  second  peptide  has  pharmacological  and  chromatographic  character¬ 
istics  indistinguishal)le  from  tliose  of  arginine  vasotocin  (S-arginine  oxy¬ 
tocin).  Aclier  cf  ah  (:i)  have  subsequently  isolated  a  peptide  from  chicken 
neural  lol)es  that  contains  the  same  amino  acids  as  mammalian  oxytocin, 
('hauvet  cl  al.  (4)  also  found  a  peptide  containing  the  amino  acids  of  argi¬ 
nine  vasotocin  in  chicken  extracts  as  well  as  a  third  peptide  resembling 
arginine  vasopressin. 

Arginine  vasotocin  was  .synthesized  by  Katsoyannis  and  du  Vigneaud 
(o)  who  generously  supplied  it  to  this  Department  for  pharmacological 
studies.  It  contains  the  ring  structure  of  oxytocin  and  the  side  chain  of 
arginine  vasopre.ssin.  Its  pharmacological  properties  are  unique  among  tlie 
natural  and  synthetic  peptides  that  we  have  studied  in  that  it  is  highly 
active  in  causing  contraction  of  the  hen  oviduct  (2,  (i).  It  is  also  extremely 
active  in  increasing  water  uptake  by  frogs  (tlie  “frog  water  balance  re- 
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spouse”),  ill  increasiiifj;  water  perinealiilit y  of  tlie  fro}?  bladder  (7),  in  in- 
liibitinfj;  diuresis  in  frofjs  (S)  and  in  prornotin}«:  sodium  transport  by  isolated 
fro}>:  skin  (D). 

Heller  (10)  originally  observed  that  cod  pituitary  extract  contains  frog 
water  balance  activity  far  out  of  proimrtion  to  its  mammalian  oxytocic  or 
antidiuretic  activities.  More  recently  Pickering  and  Heller  (11)  have  sepa¬ 
rated  the  “water  balance  principle”  in  teleost  pituitary  extracts  from  oxy¬ 
tocin  by  paper  chromatography.  They  also  found  that  a  partially  purified 
.sample  of  this  fraction,  when  hydrolyzed,  yielded  the  eight  amino  acids  of 
arginine  vasotocin,  as  well  as  alanine  and  an  unidentified  peptide  fragment 
(12).  Our  pharmacological  investigations  have  also  led  us  to  suggest  that 
the  frog  water  balance  principle  and  arginine  vasotocin  are  identical  (7,  El). 
It  therefore  appears  likely  that  arginine  vasotocin  is  indeed  the  water 
balance  principle  in  teleost  pituitary  extracts  (12,  El,  14).  Its  apparent 
presence  in  fowl  and  teleost  pituitaries  and  its  suggested  presence  in  othei 
verteiirates  (El)  makes  a  pharmacological  investigation  of  its  distribution 
among  the  fishes  of  considerable  interest. 

In  this  paper  we  report  a  detailed  e.xamination  of  the  pharmacological 
properties  of  pituitary  extracts  from  representatives  of  three  major  clas.ses 
of  fishes:  a  teleost,  an  elasmobranch  and  a  cyclostome.  We  also  compare  the 
activities  found  to  those  of  neurohypophy.sial  hormones  and  their  synthetic 
analogues  in  an  attempt  to  arrive  at  a  tentative  identification  of  the  active 
principles  in  the  neurohypophyses  of  these  fishes.  Preliminary  notes  cover¬ 
ing  parts  of  this  investigation  have  appeared  elsewhere  (7,  El,  lo,  10). 

MATERIALS  AXI)  METHODS 

Two  ])roparations  from  i)ollaok  {Pollarhius  virens)  jiituitarios  have  been  studied.  One 
was  a  lyopliilizc'd  powder  of  whole  pollaek  i)ituitaries  (desifjnatc'd  Ej)  ij04  by  Wilhelmi). 
The  other  was  a  partially  purified  i)reparation  identified  by  Wilhelmi  et  al.  (17)  as  frac¬ 
tion  E()SF-()4H.  This  eontained  approximately  a  10%  admixture  of  hake  and  eod  pitul- 
taries  but  was  obtaiiu'd  jjredominautly  from  i)ollaek.  The  details  of  its  preparation  are 
given  b}'  Wilhelmi  et  nl.  (17).  The  pituitari(‘s  for  both  preparations  were  collected  by  I  n. 
(Irace  E.  I’ickford  of  the  Ilingham  Oceanographic  Laboratory  of  Yale  University.  This 
collection  was  jiart  of  an  extensive  i)rogram  suiiporti'd  by  continuing  grants  to  Dr.  Pii  k- 
ford  from  the  National  Science  f'oundation.  Both  pollack  powders  were  i)repared  by  !t. 
Alfred  E.  Wilhelmi  of  the  Ih'partment  of  Biochemistry,  Emory  University.  In  the  tah'cs 
tlu'se  prc'parations  are  identified  as  “whole”  and  “fraction”  resp(‘ctivelj’. 

Lamprey  (Petromi/zon  mnriuus)  matc'rial  was  collected  with  the  assistance  of  '  >r. 
Willard  D.  Roth  of  the  Dei)artment  of  Anatomy,  Harvanl  Medical  School.  Migrat  ag 
lampre\s  were  eaiitured  by  hand  in  the  Exeter  (N.H.)  River.  They  were  immedia*  ly 
decapitated  and  the  portion  of  the  ventral  forebrain  containing  the  neurohyi)oph  -is 
was  nunoved  by  block  dissection  and  dropjx'd  into  acetone.  The  inclusion  of  much  ex  a- 
pituitary  tissue  was  unavoidable  and  this  i)robably  accounts  in  part  for  the  low  spc'  fic 
activity  of  the  final  powder. 

Two  prei)arations  of  spiny  dogfish  {Sijunlun  nconthias)  neurointermediate  lobes  \  re 
also  (‘xamined.  One  was  rlerived  from  pituitaries  of  mature  male  dogfish  and  genero'  -ly 
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sc’iit  to  us  by  l)rs.  A.  M.  Fiuks.  M.  H.  1.  Dodd  and  .1.  M.  Dodd  of  tin*  (latty  .Marine  I.al)- 
oratory.  I  niv('rsity  of  St.  .\n<lre\vs,  Scotland,  d’lie  otlier  was  prepared  from  nenrointer- 
mediate  lobes  from  adults  of  both  st'xes  eolleet(‘d  by  one  of  us  (K..V.M.)  in  tlu‘  (iulf  of 
.Maine.  Roth  were  aeetone-dried  pctwders  and  are  identified  in  Table  2  as  “Scotland” 
and  "Maine”  powders  resix-etively. 

Dried  i)ituitary  prei)arations  were  bomojtenized  when  noec'ssary  and  extracted  in 
i)M%  ae('tie  acid,  0.5%  eldorobutanol  and  ().!)%  XaCl  in  a  boilin}>;  water  bath  for  5  min¬ 
utes.  .\fter  centrifugation  the  supernatant  was  seahal  in  ami)ul(‘s  and  kei)t  under  refrif'cr- 
ation  until  used  for  assays. 

Rat  vasopri'ssor  assays  were  performed  by  the  method  of  r.S.l*.  XY.  Intravenous  rat 
.intidiuretie  assays  have  beam  (h'seribed  elsewhere  (2,  IS).  Rat  uterus  assays  were  per- 
lormed  in  vitro  in  solutions  eontainiii}:;  either  no  magnesium  or  0.5  m.M  1  of  this  cation 
aeeordiiif;  to  .Munsiek’s  (10)  modification  of  the  Holton  (20)  teehniqm*.  Rabbit  milk 
ejection  assays  were  ptuforimal  e.ssentially  as  described  by  van  Dyke  et  ul.  (21).  Fowl 
\ asodei)ressor  a.ssays  wcue  similar  to  those  described  in  r.S.F.  XY  excc'pt  that  unaiu's- 
dietized  hens  were  used  and  a  2X2  design  was  followed  in  admiidsteriiif!;  doses  of 
'tandard  and  unknown  (2).  Fowl  ovhluet  in  vitro  assays  are  described  by  .Mnnsick  ct  at. 
2).  Fron  bladder  assays  were  performed  in  vitro  as  descrilx'd  (dsewhere  (7).  I'.S.  R.  rtd'er- 
eiice  standanl  j)((st('rior  pitnitary  powder  was  used  in  all  assays  (‘xe('i)t  on  the  fro*;  blad¬ 
der.  Synthetic  oxytocin  (Syntocinon)  solution  that  had  been  earefnlly  restandardized 
lijainst  the  I'.S.P.  standard  was  used  fora  workiii};  standard  in  this  assay. 

Xeurohypcfphysial  hormones  and  their  analo>fues  were  similarly  assayed.  Dr.  Y.  du 
\  ij;neaud  and  his  coworkers  of  the  Dc'partment  of  Riochemistry,  Cornell  Medical  Col- 
Icfie,  ^onerously  sui)pli(‘d  us  with  samjdesof  hif^hly  purified  natural  arginine  vasopressin, 
lysine  vasopressin  and  oxytocin  as  well  as  i)urified  synthetic  aiffinine  vasotocin  (<S- 
ai'dininc  oxytocin),  oxypressin  (3-i)henylalanine  oxytocin  or  S-leucine  vasoi)ressin)  and 
s-histidine  vasopressin.  The  late  Dr.  1).  .\.  McCinty  of  Parke,  Davis  and  Co.,  Detroit, 
sui)i)lied  us  with  a  sami)le  of  highly  active  natural  arginine  vasopressin  (Pitressin  of 
bovine  origin)  jxjwder.  Drs.  R.  Renh'  and  .V.  (’erletti  of  Sandoz.  Ltd.,  Rasle,  and  Dr.  R. 
Rircher  of  Sandoz  pharmaceuticals,  Hanover,  X.  .1.,  kindly  made  available  solutions  of 
>ynthetic  oxytocin  (Syntocinon),  <S-lysine  oxytocin,  3-valine  (»xytocin,  2-i)henylalanini^ 
oxytocin,  S-leucine  vasojjressin,  S-lysine  vasopressin  and  2-])henylalanin(',  S-lysine  vaso¬ 
pressin.  These  preparations  are  indicated  in  Table  3  as  being  “in  solution.” 

Vahu's  for  the  assays  indicated  in  the  tables  arc'  results  of  single  assays  or  are  weighted 
means  of  the  estimates  from  .several  assays  of  the  same  pri'paration  (2).  Figures  in 
parentheses  represemt  95%  confidence  limits  of  the  estimates  when  these  limits  could 
he  conveniently  calculated.  If  confidence  limits  are  not  indicated  the  figun's  rei)resent 
geometric  imams  of  the  estimates  of  activity  on  several  assays  (2). 

Standard  errors  for  some  activity  ratios  are  also  indicati'd  in  the  tables.  I'ln'  standard 
error  of  a  ratio  has  been  calculatt'd  on  the  assumption  that  the  standard  error  of  the 
higarithm  of  the  potency  ratio  is  eipiivalent  to  the  scpiare  root  of  the  sum  of  the  squares 
of  the  standard  errors  of  the  logarithms  of  the  potency  estimab's  that  enter  into  the 
ratio.  In  assessing  the  “significance”  of  differences  between  such  ratios  a  P  value  has 
been  assumed  based  on  a  value  of  t  corresponding  to  the  number  of  degrees  of  freedom  in 
the  individual  assay  contributing  to  the  ratio  that  entails  the  fmvest  degrees  of  freedom. 
Tliis  would  introduce  bias  tending  to  make  the  I'stimate  of  P  greater,  if  anything,  than 
it  true  value,  thus  providing  a  conservative  basis  for  judging  significance.  P  thus  cal¬ 
culated  is  consid('red  to  indicate  significance  only  when  less  than  0.01.  'fhe  authors  are 
ir  lebted  to  Dr.  .John  \V.  Fertig  of  the  Dejiartment  of  Riostatistics,  ('olumbia  I'niversity 
S'  liool  of  Public  Health  and  .Vdministrative  Medicine,  for  helpful  suggestions  concerning 
t!  ‘  tnaitment  of  these  data. 
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Table  1.  The  activities  of  fish  piti  itarv  extracts  compared  to  those  of 


AROIXINE  VASOTOCIN'  ON  A  VARIETY  OF  ASSAY.S 

Aetivities  eonfidenee 

limits  in  parentheses) 

Asiiays 

Rollaek  pituitary  preparations 

V.  Illg. 

Whole 

V.  mg. 

Fiaetion 
r.  mg. 

mi',  mg. 

Rat  vasopresaor 

Hat  antiaiurosis 

Rat  uterus  without  Me 

Hat  uterus  with  Mp  H.5  iiiM 
Rabbit  milk  ejeetion 

Hen  oviduet 

I'rop  bladder 

64  (62  67) 

74  <44  120) 

.17  CU  41) 

71  (65  78) 

7!)  (75  82) 

64(1 

10, (HH)  (87(N)  11 ,6(H)) 

0.44  (  0.. 88  0.50) 

0.84  (0.76-0. 02) 

4.8  (4. 1-5.5) 

100  (72-205) 

5.5  (5. 1-5.0) 
5.4 

0.6  (0.0  10.. 5) 

20.3  (15  28) 

25.2  (18  3.5) 

1360  (065  1020) 

7.7  (7.3  8.1) 

10 

5.3  (5. 1-5.4) 
10.1  (7.2-14.1) 
10.3  (0.4-11.2) 

65  (.54-76) 

1020  (440  2400) 

Aetivity  ratios  (±  standard  ern)r  of  the  ratios) 

Rat  utenis  without  Mg 

Rat  vasopressor 

0.5'.)±0.08 

1.01  ±0.15 

1 .75±0.08 

0.60  ±0.05 

Fr<)g  bladd<*r 

Rat  vasopressor 

160  ±  20 

250  ±31 

247  ±31 

133  ±  37 

RESULTS 

I^oUmk.  The  activities  of  extracts  of  whole  pollack  pitiiitaries  and  of  the 
partially  purified  fraction  on  selected  assays  are  shown  in  Table  1.  The 
activities  of  the  fish  extracts  on  the  frog  bladder  and  hen  oviduct  are  ex¬ 
tremely  high  relative  to  their  activities  on  rat  blood  pressure  or  rat  uterus 
assays.  Arginine  vasotocin  is  the  only  known  peptide  that  has  similarly 
high  relative  activities  on  both  hen  oviduct  and  frog  bladder  (Table  1).  The 
ratios  of  frog  bladder  to  rat  vasopressor  activities,  given  at  the  bottom  of 
Table  1,  for  the  pollack  pituitary  extracts  are  not  significantly  different 
from  this  ratio  for  arginine  vasotocin. 

The  pollack  extracts  are  more  potent  when  assayed  on  the  rat  uterus  and 
on  rabbit  milk  ejection  than  they  would  be  if  they  contained  only  arginini' 
vasotocin.  The  ratios  of  rat  uterus  to  rat  vasopressor  activity  (Table  1)  for 
the  pollack  extracts  are  significantly  greater  than  is  this  ratio  for  arginini' 
vasotocin.  This  we  believe  to  be  due  to  the  presence  of  some  oxytocin  in 
these  pituitary  extracts.  This  is  consistent  with  the  finding  of  Pickering  and 
Heller  (11)  of  two  active  peptides  in  pollack  pituitary  extracts.  They  be¬ 
lieve  that  one  is  oxytocin.  The  other  contains  most  of  the  frog  water  bal¬ 
ance  activity  and  may  well  be,  therefore,  arginine  vasotocin  (12). 

Lumpreij.  Oxytocic  (22,  23),  water  balance  (22),  vasopressor  and  ant  - 
diuretic  (23)  activities  have  been  previously  demonstrated  in  extracts  i  f 
the  lamprey  forebrain.  The  lamprey  extract  examined  in  the  current  stud, 
also  posse.sses  activities  typical  of  active  neurohypophy.sial  principh  •< 
(Table  1). 

The  extract  we  have  .studied  contained  other  structures  of  the  venti  1 
forebrain  as  well  as  the  neurohypophysis.  Such  structures  may  well  co  - 
tribute  to  the  total  active  peptides  extracted.  For  simplicity,  however,  \  0 
hereafter  refer  to  this  extract  as  “pituitary.”  The  activities  of  the  lampr 
extract  on  the  a.s.says  shown  are  completely  consistent  with  those  of  ar:  - 
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Table  2.  The  activities  of  docfisii  (Squalus)  XEi  rointermediate  lobe  extracts 

COMPARED  TO  THOSE  OF  ARdIXTXE  VASOTOCIX  OX  A  VARIETY  OF  ASSAYS 


.Activities  (95%  ('onfidence  Limits  shown  in  iiarentheses) 

Assiivs 

-Arginine  vasotocin 
c./mg. 

Sipialus  neurointerinediate  lobe  extracts 

Scotland  j>o\vdtT  i 

inr. /niK- 

Maine  powder 
me. /mg. 

Rat  va.«opressor 

t)4  (()2~t)7) 

c.  1.4 

Hat  antidiurcsis 

74  (44-120) 

0.8 

0.9  (0.4  2.0) 

Hat  uterus  without  Mk 

:17  (:14-41) 

:}5  (:12-H9) 

:10  (20-:?4) 

Hat  uterus  with  Mg  ()..') 
niM 

71  (05- 78) 

7 1  (59-85) 

:{8  (:n-.50) 

Rabbit  milk  ejection 

79  (75-82) 

04  (59-70) 

50  (49-0:i) 

Avian  depres.sor 

110(82-150)  i 

e.  02  i 

100  (95-107) 

lien  oviduct 

040 

1  c.  5 

25  (22-27) 

Frog  bladder 

10,000  (8700  11,000) 

‘  9;io 

02:1  (48:1-805) 

.Activity  ratios 

(  ±  standard  error  < 

)f  the  ratios) 

Hat  uterus  without  Mg. 

0..50-)-0.07 

44 

:12  +  10 

Hat  antidiuresis 

Frog  bladder 

i;i7  +  19 

1  too 

070  +  270 

Hat  antidiuresis 

nine  vasotocin.  In  tliis  case  there  is  little  evidence  for  the  presence  of  oxy¬ 
tocin  since  ratios  of  rat  uterus  to  vasopressor  activities  of  the  lamprey 
powder  and  of  arginine  vasotocin  are  not  .significantly  different. 

Dngjisli.  The  distrihution  of  activities  of  the  two  Sqmlus  powders  is 
shown  in  Table  2.  Hat  vasopressor  activity  is  very  weak  and  partially  ob¬ 
scured  by  a  vasodepressor  effect.  The  vasopressor  action  appears  consist- 
(‘iit,  however,  if  large  doses  are  administered.  It  can  be  eliminated  by 
pretreatment  of  the  extract  with  0.01  M  sodium  thioglycolate  for  two  hours 
at  room  temperature  and  pll  7.4  (Fig.  1).  The  vasodepressor  effect  persists 


F 


3  mU  0.2  ml 

0.2  ml  0.4  ml 

0.4  ml  4mU 

3.2  mU 

USP  Squalus 

Squalus  Squalus 

NIL  NIL 

Squalus  USP 

USP 

NIL 

NIL 

THIO. 

THIO. 

THIO. 

1.  Portion  of  an  assay 

of  the  Maine  Squalus  neurointerinediate  lobe 

extract  on 

blood  pressure  of  a  rat.  The  extract  (.SV/(C7/m.s  XIL)  contained  the  material  extracted 
f'  'in  10  mg  of  dry  neurointerinediate  lobes  ml.  I’.S.P.  Posterior  Pituitary  Reference 
^  indard  (F.S.P.)  was  used  as  a  standard.  The  preparations  marked  “THIO”  had  been 
i  uhated  for  two  hours  at  room  temperature  in  0.01  M  thioglyeolate,  at  pH  7.4. 
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Volume  6S 


USP 
100  mU 


Squalus  NIL 
0.1  ml 


100- 


Thio.  FL 
USP* 
100  mU 


Thio.  fi  Thio.  Fi 
SquolusNIL  SquolusNIL 
0.1  ml  0.3ml 


MEAN  ARTERIAL  PRESSURE  mm  Hg 


Thio.  Fi  Thio.  FJ 

SquoIusNIL  SquolusNIL  USP 

O.Tml  0.3  ml  300  mU 


SquolusNIL 
0.05  ml 


USP 
50  mU 


lOOH 


0-' 


minutes 


Fig.  2.  Portion  of  an  assay  of  the  Maine  Squnlus  neurointennediate  lobe  extract 
(S(funlus  NIL)  on  the  blood  jiressure  of  the  fowl.  Kaeh  ml.  of  extract  represents  10  in>t. 
of  dry  neurointennediate  lobc's.  The  jirejiarations  marked  “Thio  Hx”  had  been  incubated 
with  0.01  M  thioglycolate  for  2  hours  at  room  temiierature  and  pH  7.4.  I'.S.P.  Posterior 
Pituitary  Reference  Standard  (I’.S.P.)  was  use«l  as  standard. 


after  thioslycolate  treatment  and  cannot  be  considered  to  be  an  action  of  a 
typical  neuroliypophysial  peptide.  Do.ses  of  extract  etpiivalent  to  R  and  1 
Tn}>:.  of  dry  neurointennediate  lobe  were  injected  in  order  to  obtain  clear 
va.sopres.sor  responses.  It  is  not  surprisinfr  that  extracts  of  this  larffc 
amount  of  ti.ssue  contain  thiojrlycolat e-stable  vasodepre.ssor  agents. 

Perks  (i  al.  (24)  failed  to  demonstrate  vasopressor  activity  in  elasmo- 
branch  extracts.  They  probably  did  not,  however,  use  .such  large  doses. 
They  clearly  demonstrated  the  pre.sence  of  antidiuretic  activity  that  was 
destroyed  by  thioglycolate.  Our  figures  on  rat  antidiuretic  activity  agree 
(piite  well  with  theirs.  Since  the  vasopre.ssor  potency  of  our  Squalus  extract 
could  not  be  estimated  accurately  in  the  pre.'^ence  of  vasodepres.^ior  activity 
we  have  choi^en  to  use  our  figures  for  antidiuretic  activity  in  calculating  the 
activity  ratios  shown  in  Table  2.  Although  intravenous  antidiuretic  as.says 
are  less  precise  than  vasopressor  assays  they  are  much  more  sensitive  and 
therefore  recpiire  the  injection  of  much  less  ti.ssue  extract.  Con.secjuent  1  ' 
they  are  less  prone  to  interference  from  nonspecific  components  of  the  e'- 
tracts. 

Perks  ft  al.  (24)  did  not  report  fowl  vasodepressor  assays  on  their  elasm<  - 
branch  neurointennediate  lobe  extracts.  The  determination  of  the  fo\  1 
vasodepressor  action  of  the  Squalus  extracts  was  also  complicated  by  tl  e 
presence  of  a  vasodepressor  component  that  was  not  destroyed  by  thiogl  - 
colate  (Fig.  2).  The  do.ses  u.sed  were  large,  however,  repre.senting  extracts  f 
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O.’)to  1.0  nifj;.  of  dry  neuroiiitermediate  lobe.  The  assays  yield  values  that 
are  uiulouhtedly  hif?h  due  to  the  iuelusioii  of  a  vasodepressor  coutaiuiiiaiit. 
That  approximately  4  of  the  fowl  vasodepressor  activity  is  destroyed  by 
thio^lycolate,  however,  lends  some  confidence  to  the  belief  that  a  major 
portion  of  this  activity  is  due  to  a  neurohypophysial  peptide  containinjj;  a 
disulfide  linkage  similar  to  that  of  oxytocin  and  other  known  active  neuro¬ 
hypophysial  peptides. 

Our  antidiuretic,  oxytocic  and  milk  ejection  assays  on  both  Squalus  ex¬ 
tracts  agree  very  well  with  tho.se  reported  by  Perks  <7  al.  (24).  \Ve  report 
lower  milk  ejection  activity  relative  to  rat  uterus  activity.  This  difference 
,s  in  large  part  due  to  ditferences  in  definitions  of  a  milk  ejection  unit. 
I’erks  e(  al.  (24)  u.sed  oxytocin  (Pitocin)  as  standard  and  considered  a  milk 
'jection  unit  to  be  the  milk  ejection  activity  of  one  oxytocic  (rat  uterus) 
init  of  oxytocin.  We  use  U.S.P.  standard  and  consider  one  milk  ejection 
anit  to  be  the  activity  of  one  unit  (O.o  mg.)  of  thestandard  ox  posterior  lobe 
powder.  One  unit  of  oxytocin  (standardized  by  rat  uterus  (BP)  or  fowl 
\  asodepre.s.sor  (BP  or  U.S.P.)  assays)  has  only  7o-S0%  of  the  milk  ejection 
activity  of  one  unit  (0.5  mg.)  of  the  I'.S.P.  standard  which  contains  both 
arginine  vasopre.ssin  and  oxytocin.  Since  our  milk  ejection  unit  is  larger 
than  that  of  Perks  ct  al.  (24)  our  assay  results  appear  correspondingly 
lower.  If  allowance  is  made  for  this  our  milk  ejection  a.ssay  residts  are  in 
good  agreement  with  theirs. 


DISCUSSION 

4die  function  of  the  neurohypophysis  in  all  classes  of  fishes  remains  ob¬ 
scure  (25).  There  is  little  evidence  indicating  that  neurohypophysial  hor¬ 
mones  are  concerned  with  osmoregulation  in  fishes  although  they  appear  to 
h(>  concerned  with  the  phy.siological  regulation  of  water  metabolism  in  all 
terrestrial  tetrapods  (1(5).  There  are  anatomical  grounds  for  the  hypothesis 
that  the  neurohypophysis  in  fishes  functions  primarily  as  an  organ  for  the 
secretion  of  hormones  that  have  a  local  action  in  the  modulation  of  adeno¬ 
hypophysial  functions  (1(5,  2(5,  27,  2<S).  There  is  also  evidence  that  neuro¬ 
hypophysial  peptides  may  also  be  concerned  with  the  initiation  of  spawn¬ 
ing  behavior  in  some  teleosts  (17,  29).  It  is  evident,  however,  that  fish 
pituitaries  contain  respectable  (piantities  of  active  principles  that  appear 
analogous  to  the  octapeptides  that  have  been  isolated  and  identified  in 
mammalian  neurohypophysial  extracts. 

The  application  of  the  multiple  assay  techniipie  to  fish  pituitary  ex¬ 
tracts  can  provide  pharmacological  evidence  that  may  offer  valuable  infor¬ 
mation  as  to  what  the  active  peptides  can  be,  and  more  certainly,  what 
tfi-'V  cannot  be.  Such  an  investigation  is  handicapped  by  the  lack  of  suit- 
ab'e  as.say  techniques  utilizing  .species  closely  related  to  those  providing  the 
ex'  racts.  The  only  published  a.ssay  technique  using  teleosts  is  the  spawning 
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Fig.  3.  A  four  point  assa\’  on  the  isolated  bullfrog  bladder  of  Squalus  neurointer¬ 
mediate  lobe  extract  {Squalus  NIL)  compared  to  oxytocin.  One  ml.  of  the  extract  rep¬ 
resents  10  mg.  of  dry  neurointermediate  lobes. 

reflex  as.say  of  Pickford  (17).  It  is  unfortunately  of  a  very  low  order  of 
sensitivity  and  also  shows  little  discrimination  between  neurohypophysial 
peptides. 

The  Squalus  neurointermediate  lobe  extracts  show  maximum  activity 
on  the  frog;  bladder  a.s.say  (Table  2,  Fig;.  8).  In  this  respect  they  resemble 
arginine  vasotocin  (S-arginine  oxytocin)  and  its  lysine  analogue  (8-lysine 
oxytocin)  (Table  8).  Both  these  analogues,  however,  contain  too  much 

T.\BLE  3.  ('OMPARISOX  OF  FROG  BLADDER  ACTIVITY  OF  Sqiiolus  XECROIXTERMEDIATE 
LOBE  EXTRACT  RELATIVE  TO  RAT  VASOPRESSOR  AM)  RAT  CTERI  S  ACTIVITY  TO  THESE 
ACTIVITIES  OF  XATl  RAL  AND  SYNTHETIC  ANALOGI  ES  OF  NECROHYPO- 


PHYSIAL  PEPTIDES 

Activity  ratios 

Highest  measured  activity 

Preparation 

Frog  bladder 

Frog  bladiler 

Vasopressor 

rat  uterus 

.\ssay 

Units/  mg. 

Squalus  neurointermediate  lobe  ! 
extract 

44.5 

21 

Frog  bladtler 

0.(2 

.\rginine  vasotocin 
(8-arginine  oxvtocin) 

](>() 

270 

Frog  bladder 

10,000 

8-lysine  oxvtocin 

10 

15 

Frog  bladder 

in  soluti'^n 

<  txvtocin* 

52 

0.0 

Rat  uterus 

420 

3-valine  oxvtocin 

1  —  1 

0.2 

-Milk  ejection 

in  .soluti  >n 

2-phenvlalanine  oxvtocin 

1  _  j 

1  0.(5 

Milk  ejection 

82 

.\rginine  va.sopressin* 

i  0.23 

'  4.8 

Va.sopressor 

300 

by. sine  vasopressin* 

1  <0.025 

!  <1 

Vasopressor 

2(M) 

<  Ixypressin 

(^leucine  va.sopressin) 

'  <7 

!  <1.2 

Milk  ejection 

88 

2-phenylalaniiu‘,  8-lysine  vaso¬ 
pressin 

<0.08 

_ 

V'asopressor 

in  solut  >11 

8-histidine  vasopressin 

<0 

!  <1 

-Milk  ejection 

18 

*  Highly  purified  natural  neurohypophysial  peptides.  Higher  alisolute  potencies  I  ive 
been  observed  with  other  preparations  of  these  peptides. 
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vasopretssor  and  antidiuretic  activity  to  account  for  the  fros  bladder  activ¬ 
ity  of  tlie  Squalus  extracts  (Table  R).  In  addition  Perks  et  al.  (24)  report 
that  both  the  antidiuretic  and  oxytocic  activities  of  elasmobranch  extracts 
resist  tryptic  digestion.  This  indicates  that  the  active  principle  cannot  con¬ 
tain  an  S-arginine  or  S-lysine  residue.  Peptides  with  such  amino  acid 
moieties  are  destroyed  by  trypsin.  Tryptic  digestion  of  arginine  vasotocin 
has  been  observed  by  Munsick  et  al.  (2). 

The  relatively  high  milk  ejection,  rat  uterus,  and  fowl  vasodepressor 
ictivities  of  the  Squalus  neurointermediate  lobe  extracts  resemble  those  of 
)xytocin  and  its  2-phenylalanine,  :?-phenylalanine  (oxypressin),  and  d- 
, aline  analogues.  None  of  these  has  relative  frog  bladder  activity  com- 
)arable  to  the  Squalus  extract,  however,  and  they  can  thus  be  excluded  as 
oossibly  being  responsible  for  the  frog  bladder  activity  of  the  Squalus  ex- 
ract  (Table:?). 

From  our  studies  on  structure-activity  relationships  of  the  available 
malogues  of  neurohypophysial  hormones  it  should  be  possible  to  make 
ome  tentative  suggestions  as  to  what  molecular  configuration  might 
|)0.ssess  the  activities  found  in  the  Squalus  extracts.  Pesistance  to  tryptic 
digestion  (24)  and  the  weak  vasopressor  and  antiiliuretic  activities  of  the 
Squalus  extracts  make  the  presence  of  S-arginine  or  S-ly.sine  unlikely.  The 
ring  of  oxytocin  is  characteristic  of  analogues  that  have  high  frog  bladder 
activity  (oxytocin,  arginine  vasotocin,  S-lysine  oxytocin)  (Table  :?).  It 
would  seem  reasonable  to  .suggest  a  .search  in  the  elasmobranch  neurointer- 
iiicdiate  lobe  for  analogues  containing  the  oxytocin  ring  and  a  substitution 
in  the  8-position  other  than  arginine,  lysine  or  leucine.  Unfortunately  no 
such  .synthetic  analogues  are  yet  available.  This  is,  of  course,  merely  a 
guess  but  it  may  be  of  value  as  a  guide  to  the  eventual  isolation  of  the  ac¬ 
tive  elasmobranch  principle  and  in  the  elucidation  of  its  amino  acid  se- 
(luence  once  its  constituent  amino  acids  have  been  identified. 

If  we  a.s.sume  that  the  few  species  studied  are  representative  of  the  classes 
from  which  they  came  it  should  be  po.ssible  to  formulate  a  tentative  scheme 
for  the  evolution  of  neurohypophysial  principles  in  the  fishes.  Such  an  as¬ 
sumption  is  supported  by  the  observation  of  Pickering  and  Heller  (11)  that 
two  other  teleosts  (trout  and  cod)  possess  active  principles  closely  resem¬ 
bling  those  of  the  pollack  and  the  recent  report  by  Maetz  el  al.  (SO)  on  the 
pliarmacological  similarity  of  extracts  from  four  teleosts  (mackerel,  alba- 
core,  blenny  and  trout)  when  assayed  for  the  ability  to  promote  sodium 
transport  by  the  isolated  frog  skin.  Preliminary  investigation  of  carp 
and  hake  pituitary  extracts  indicate  that  they  are  (luite  similar  to  pollack 
ex  tacts.  Perks  et  al.  (24)  have  also  reported  that  rays  as  well  as  dogfish  of 
another  genus  (Scyliorhiuus)  possess  neurohypophysial  activities  that 
rc  emble  closely  those  found  in  Squalus. 

deptides  resembling  those  of  the  vertebrate  neurohypophysis  have  not 
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been  convincingly  demonstrated  in  invertebrates  thought  to  be  closely  re¬ 
lated  to  the  ancestors  of  the  vertebrates  (dl).  The  cyclostomes  are  the  most 
primitive  living  vertebrates.  A  member  of  this  group,  the  marine  lamprey, 
appears  to  possess  arginine  vasotocin.  We  can  suggest,  therefore,  that  this 
is  the  most  primitive  known  neurohypophysial  peptide.  The  bony  fishes 
appear  to  have  inherited  this  principle  from  the  cyclostomes  and  arginine 
vasotocin  also  appears  to  be  present  in  all  tetrapods  except  the  mammals 
( Id,  lb).  In  mammals  arginine  or  lysine  vasopressin  displaces  arginine  vaso¬ 
tocin  as  the  vasopressor-antidiuretic  principle. 

Oxytocin  appears  in  the  bony  fishes.  It  survives,  apparently  unchanged, 
throughout  the  subsecpient  evolution  of  the  tetrapods.  Its  oidy  known 
physiological  functions,  however,  are  directly  related  to  mammalian  repro¬ 
duction  and  lactation.  Its  physiological  significance  in  nonmammalian 
vertebrates  remains  unknown. 

The  elasmobranchs  appear  to  have  evolved  along  different  lines  than  the 
other  jawed  vertebrates  and  have  a  uniciue  neurohypophysial  peptide  (or 
peptides).  We  are  not  yet  in  a  position  to  suggest  its  identity  with  any  de¬ 
gree  of  confidence. 
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("ORTICOSTEROID  SIX'RETIOX  FOLLOWING  CAVAL 
CONSTRICTION  IN  DOGS  WITH 
ISOLATED  PITUITARIES^ 
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ARSTRAC T 

'riu'  output  JMT  minute  of  IT-liydroxycorticosteroids  was  measured  hefon* 
and  after  j)artial  thoraeie  iid’erior  vena  eaval  eonstrietion  in  normal  dogs 
and  those  with  brain  removal  and  isolated  pituitaries.  The  “resting”  eontrol 
17-hydroxyeortieosteroid  output  was  higher  in  dogs  with  brain  removal  than  in 
normal  animals.  Both  groups  of  dogs  demonstrated  a  signifieant  inerease  in 
eortieosteroid  outi)ut  following  eaval  eonstrietion.  It  is  eoneluded  that  partial 
eonstrietion  of  the  thoraeie  inferior  vena  eava  is  a  strong  stimulus  to  .VCTH 
release. 

Dogs  with  total  Itrain  removal  down  to  the  pon.s,  hut  with  intact 
pituitaries,  demonstrate  elevated  basal  outputs  of  corticosteroids 
from  the  adrenal  (1).  In  addition,  a  si{j;nificant  number  of  these  animals  re¬ 
spond  to  peripheral  nerve  stimulation  with  a  further  increase  in  corti¬ 
costeroid  output.  Other  usually  effective  adrenal  cortical  stimulating  pro¬ 
cedures  have  been  carried  out  in  dogs  with  isolated  pituitaries  to  determine 
the  reactivity  of  these  animals.  One  of  the  most  effective  has  been  partial 
constriction  of  the  thoracic  inferior  vena  cava  This  report  describes  the 
eff  ect  of  vena  eaval  constriction  on  adrenal  cortical  secretion  in  normal  dogs 
and  in  those  with  isolated  pituitaries. 

M.\TERIAL  AND  METHODS 

.\dult  male  mongrel  dogs  ranging  in  weight  from  10  t(»  1.5  kg.  were  used  in  these  experi¬ 
ments.  .\drenal  vein  eannulations  were  carried  out  aeeording  to  the  technique  of  Hume 
and  Nelson  (2).  17-Hydroxycortieosteroids  were  measured  by  the  method  of  Nelson 
and  Samuels  (5).  .\t  the  time  of  adrenal  vein  cannulation  a  .separate  thoracic  incision 
was  made  and  the  phrenie  nerve  was  carefully  disseett'd  from  the  thoracic  inferior  vena 
cava.  .Vn  infant  endotracluail  tube  balloon  was  i)a.«sed  around  the  inferior  vena  cava  just 
above  the  diaphragm  and  the  tw(»  ends  were  tied  together.  It  is  imimrtant  to  aj)ply  the 
deflated  balloon  loosely  to  avoid  comi)romising  the  venous  lumen,  ('aval  constriction 
was  produced  by  introducing  air  into  the  balhM)n  through  a  small  rubber  tube  which 
was  brought  through  a  stab  wound  to  the  outside  of  the  chest. 

On  the  day  following  adrenal  vein  cannulation  and  thoracic  eaval  cuffing,  the  animal.- 
were  anesthetized  with  80  mg.  kg.  of  Nembutal,  intravenously.  Following  anesthetiza- 
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tion,  plastic  cannulas  were  placed  in  the  femoral  artery  and  inferior  vena  cava,  and  were 
connected  to  an  arterial  mercury  manometer  and  venous  wati'r  manometer,  respeetively. 
Rectal  temperatures  were  monitored  with  indwelling  telethermometers.  Hefore  and 
after  arterial  eannulation,  intermittemt  sami)les  of  adrenal  vtmous  hlood  were  eollected 
and  analyzed  for  17-hydro.\ycorticosteroids. 

Four  hours  after  hlood  vessel  canmdation  adrimal  venous  samples  wen*  obtained  and 
partial  thoracic  vena  caval  constriction  was  obtained  by  inflatinfi  the  balloon.  Venous 
pressure  elevation  of  10  cm.  was  achu'ved  in  the  inferior  vena  cava  below  the  constric¬ 
tion.  The  elevation  in  venous  pressure  nunained  (piite  constant  throiifihout  the  e.\])eri- 
ment  and  was  maintained  for  45  minutes,  at  which  time  the  balloon  was  deflated  and 
the  venous  i)ressure  rajiidly  fell  to  normal,  .\drenal  venous  blood  samph's  were  ob¬ 
tained  before  and  after  caval  constriction. 

In  another  set  of  experiments,  brain  removal  down  to  the  pons,  leaving?  the  pituitary 
intact,  was  carried  out  (1),  in  addition  to  adrenal  vein  eannulation  and  inferior  vena 
caval  cuffing.  Twenty-four  hours  following  these  three  |)rocedures,  a  protocol  similar  to 
that  in  dogs  without  central  nervous  h'sions  was  carried  out.  In  aildition,  the  dogs  with 
brain  removal  were  given  an  intravenous  dose  of  20  units  of  corticotropin  ajuiroximatcdy 
six  hours  following  the  eaval  eonstriction  experiment. 

RESULTS 

Ke.sults  obtained  following  eaval  eonstrietion  in  normal  dog.s  with  ad- 
drenal  vein  cannulas  and  vena  caval  cuffs  are  given  in  Table  1.  The  mean 
corticosteroid  output  in  the  basal  or  “resting”  state  for  these  six  control 
animals  was  1.4  jug.  min.  with  a  standard  error  of  the  mean  of  O.R.  Follow¬ 
ing  vena  caval  constriction,  a  markedly  significant  increase  (P<.001)  in 
corticosteroid  output  was  ob.served  in  all  animals  and  the  mean  value  ob¬ 
tained  was  comparable  to  that  in  previous  studies  from  this  laboratory 
following  nerve  stimulation  or  exogenous  ACTII. 

All  six  animals  of  this  group  demonstrated  20  to  40  mm.  of  mercury  de¬ 
pression  in  arterial  blood  pre.ssure  during  caval  constriction.  Pressures  be¬ 
fore  constriction  ranged  from  100  to  140  mm.  of  mercury.  The  arterial  pres¬ 
sure  depression  occured  within  three  minutes  following  partial  caval  con¬ 
striction,  was  sustained  throughout  the  4o-minute  period  of  constriction. 


Table 

1.  Control  sti  dies  in  x 

ORMAL  noos  WITH  . 

\I)RE.\AL  VEIN  CA.Wl  l,AS  AM) 

E\A  CAVAL  CCFFS 

Pro- 

and 

post-const riet ion  value.s 

rei)res('nt  average 

of 

a  sam])les  obtained  in  the 

mediate 

period  l)eforo  and  following 

eaval  eonstrietion. 

.\drenal  venous 

17- 

-hvdroxveortieostc'roids 

Experiment  No. 

(mierogr 

ams /minute) 

I’re-eonstriction 

I’ost-eonstriction 

2.1 

14.0 

E.\-12 

2.  a 

10.2 

E.\-10 

0.7 

19.2 

E.\-  7 

1 .4 

ia.4 

E.\-17 

1.1 

17.9 

E.\-19 

0.7 

18.4 

•Mean 

1.4  +o.a* 

10.0 +0.9’* 

Standard  error  of  the  mean. 
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TaBI.K  2.  StI  DIKS  in  UOCS  W  ITII  BKAIN  REMOVAI.,  ADRENAE  fAXM  I.AS  AM)  VENA  <  AVA  CLEFS 

I’rc-  and  ixist-constriction  values  represent  average  of  H  sainj)les  obtained  in  the  immedi¬ 
ate  jieriod  before  and  following  eaval  eonstrietion.  A('TH  values  represent  average  of  2 
samples  obtained  5  and  10  minutes  following  25  units  ACTH  intravenously. 


.\drenal  venous  17-hydroxyeortieosteroids  (mierograms  minuted 

I'Aperiment  No.  - -  -  —  - - -  - 

l‘re-eonstrietion  Post-constriction  Post-.\C'TIl 


K.V-U) 

11.8 

7  A\ 

i:{.8 

KA-U 

O.b 

11.2 

8.0 

K.V-ll 

7.0 

12.0 

17.5 

KA-  !l 

o.a 

10. H 

11.5 

I:  A-  () 

4.7 

18.5 

15.4 

Mean 

5.7  ± 1  .5* 

1 1  .11  ±  1  .8* 

la.O  ± 1 .7* 

*  Standard  error  of  the  mean. 


and  pre.ssiires  had  returned  to  normal  wlien  post-eon.striction  sample.'s  were 
obtained.  Adrenal  venou.s;  blood  flows  were  unebanged  in  three  animals  and 
slightly  increased  in  three  others  in  samples  obtained  after  release  of  eaval 
coji.striction  and  return  of  venous  pressure  to  normal.  Venous  pressures 
were  increased  10  cm.  of  water  from  control  levels  of  2-0  cm.  of  water. 
Rectal  temperatures  remained  constant  throughout  these  experiments. 

I'iarly  in  the  course  of  these  experiments  it  was  found  that  the  minor 
surgical  trauma  of  femoral  arterial  cannulation  resulted  in  a  significant  in- 
crea.se  in  adrenal  corticosteroid  output  in  most  animals.  Adrenal  venous 
outputs  remained  elevated  for  periods  varying  from  b")  minutes  to  2  hours. 
.Vt  least  a  2-hour  period  must  intervene  between  arterial  cannulation  and 
the  control  period  because  of  temporary  stimulation  of  pituitary  adrenal 
activity,  in  order  to  en.sure  “basal”  corticosteroid  outputs. 

Results  following  partial  eaval  constriction  in  dogs  with  brain  removal 
are  given  in  Table  2.  It  can  be  seen  that  a  significant  elevation  in  the  “rest- 
ing’Vorticosteroid  output  is  observed  in  these  animals  as  compared  to  the 
normal  (P<.0.‘),>.02).  In  addition,  the  animals  taken  as  a  group  revealed 
a  significant  increase  following  eaval  constriction  (P<.0.'),  >.02).  There  was 
no  further  increased  output  of  corticosteroids  following  exogenous  ACTH 
administration  (P<0.9).  The  statistics  would  show  a  higher  degree  of  sig¬ 
nificance  if  it  were  not  for  dog  liA-l  I  which  demonstrated  a  low  “resting” 
level  of  corticosteroid  output.  Dog  lhV-14  is  the  only  animal  out  of  2o  brain 
removal  experiments  in  which  a  low  “resting”  output  of  corticosteroids  has 
been  ob.served.  A  significant  response  following  eaval  constriction  was  ob¬ 
served  in  this  animal,  as  in  4  of  the  4  other  animals  with  brain  removal. 

Dog  I'.V-K),  which  did  not  show  an  increase  of  corticosteroids  following 
eaval  constriction,  had  a  very  high  “resting”  level  prior  to  constriction. 
.Vdrenal  venous  blood  flows  remained  either  constant  or  became  .slightly 
elevated  following  eaval  constriction  in  these  animals,  as  in  the  normals. 
Blood  pressure  before  constriction  ranged  from  100  to  140  and  blood  pres¬ 
sure  depressions  of  20  to  00  mm.  of  mercury  were  observed  following  eaval 
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Fig.  1.  I’hotomicrofjraph  of  sagittal  section  near  mid-line  of  dog  EA-14.  (H&E. 
13.')X)  Note  eonii)lete  absimee  of  all  brain  tissue  above  pons.  The  pituitary  was  intact 
in  this  animal,  with  a  small  snb-sellar  remnant  of  hypothalamus  present. 


(*on.st  riot  ion.  In  all  animals,  the  return  of  arterial  blood  pre.ssure  to  normal 
was  achieved  within  10  minutes  following  release  of  caval  constriction. 

Study  of  serial  sagittal  .sections  of  the  brain  stem  and  pituitaries  of  dogs 
with  brain  removal  revealed  intact  pituitaries  in  all  instances.  Xo  attempt 
was  made  in  these  experiments  to  remove  the  sub-sellar  remnant  of  hypo¬ 
thalamus.  JOxamination  of  the  brain  stem  revealed  removal  of  the  brain 
down  to  the  level  of  the  pons,  with  no  persistent  mesencephalon  (Fig.  1). 


l)IS(;USSIOX 

The  findings  of  this  study  demonstrate  clearly  that  partial  thoracic  in¬ 
ferior  vena  caval  constriction  resulting  in  an  elevation  of  peripheral  venous 
pressure  of  10  cm.  of  water  represents  an  effective  adrenal  cortical  stimulus. 
Davis  and  co-workers  (4,  o)  have  applied  the  techni(iue  of  vena  caval  con- 
triction  in  the  study  of  aldosterone  secretion,  and  have  not  demon.strated 
ticrea.ses  in  corticosterone  secretion  following  caval  constriction.  Although 
hese  findings  appear  to  be  at  variance  with  those  of  the  present  report, 
here  are  several  possible  explanations  for  the  discrepancy.  Firstly,  adrenal 
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vein  cannulas  were  performed  on  the  day  of  caval  constriction  in  the  aldo¬ 
sterone  experiments.  Results  from  our  laboratory  and  those  of  others  have 
demonstrated  that  a  period  of  at  least  several  hours  is  necessary  for  the 
elevated  adrenal  venous  corticosteroid  output  to  fall  hack  to  low  levels  fol¬ 
lowing  surgical  trauma  of  this  magnitude.  As  has  been  pointed  out  in  the 
results  of  the  present  study,  such  a  simple  procedure  as  arterial  cannulation 
often  results  in  a  significantly  elevated  corticosteroid  output.  Accordingly, 
it  is  most  likely  that  the  aldosterone  experiments  were  performed  in  dogs 
already  secreting  maximal  (piantities  of  corticosterone  and  hydrocortisone. 
There  is  no  assurance  in  such  experiments  in  ‘hiciite”  animals  that  in¬ 
creased  outputs  of  endogenous  .\CTH  in  response  to  a  given  procedure  will 
be  reflected  in  increased  corticosteroid  output  by  an  already  maximally 
stimulated  adrenal  cortex. 

It  has  previously  been  shown  that  the  ratio  of  hydrocortisone  to  corti¬ 
costerone  in  dog  a<lrenal  venous  l)lood  ranges  from  li  1  to  (5  1  (fl,  7)  and 
the  average  “basal”  corticosterone  outputs  in  the  studies  of  Davis  were  ap¬ 
proximately  .‘3  /xg.  min.  (Hydrocortisone  was  not  measured).  .\  hydrocorti¬ 
sone  secretion  of  9-lS  /xg.  min.  is  within  the  range  of  maximal  stimulus 
from  operative  trauma  or  exogenous  ACTH  in  our  laboratories.  The  results 
of  the  experiments  described  in  the  present  paper  make  it  clear  that  partial 
caval  construction  with  peripheral  venous  pressure  elevation  represejits  a 
strong  stimulus  to  ACTH  secretion. 

Dogs  with  brain  removal  and  isolated  pituitaries  respond  to  caval  con¬ 
striction  with  an  increased  adrenal  venous  corticosteroid  output.  These 
dogs  with  brain  removal  are  similar  to  a  series  of  animals  previously  re¬ 
ported  (1)  with  respect  to  the  elevated  basal  corticosteroid  outputs.  Al¬ 
though  small  sub-sellar  hypothalamic  remnants  were  present  in  all  speci¬ 
mens  of  the  present  studies,  it  has  previously  been  shown  that  removal  of 
this  hypotlialamic  tissue  does  not  prevent  the  high  “resting”  levels  or  re¬ 
sponse  to  nerve  stimulation.  A  complete  discussion  concerning  the  possible 
mechanisms  of  pituitary  ACTH  secretion  in  dogs  with  isolated  pituitaries 
has  been  given  elsewhere  (1),  and  the  present  study  does  not  provide  fur¬ 
ther  evidence  with  which  to  elaborate  on  this  discussion.  It  establishes, 
however,  that  higher  central  nervous  system  areas  are  not  essential  for  the 
pituitary-adrenal  activation  which  occurs  following  caval  constriction.  In¬ 
asmuch  as  the  pituitary  is  relatively  devoid  of  nerve  supply,  it  is  most  likely 
that  a  neurohumor  is  produced  in  the  region  of  the  hind  brain  (HBF)  which 
passes  through  the  systemic  blood  stream  to  cause  pituitary  ACTH  re¬ 
lease.  It  is  felt  that  high  “resting”  corticosteroid  outputs  in  these  animah 
occur  because  of  removal  of  an  inhibitory  area  to  the  hind  brain,  and  that 
further  increases  of  corticosteroid  output  occur  following  nerve  stimula¬ 
tion  or  caval  constriction  based  on  increased  output  of  HBF. 
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KXZYMK^  ('ORRKLATKS  OF  PHYSIOLOGICAL  RIXIRFS- 
SIOX  OF  F0LLI(1J:S  AXD  (X)RPORA  LUTFA  IX 
OYARIKS  OF  XORMAL  RATS^  ^ 
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l)(  ixntmentt^  of  ()bM(  tries  and  Giineeologn,  Patliologn.  and  Anatomij, 

Albirt  I’Jinstein  College  of  Medieinc,  Xeie  York  til,  X.  Y. 

AHSTHAC'T 

llistoclu'inical  chaiiffi's  in  tlio  activity  of  two  liydrolytic  enzymes  (acid  jdios- 
pliatasi'  and  aminopei)tidase)  eonsiderecl  to  Im‘  eliaraeteristie  of  lysosomes 
were  stndu'd  in  ovarian  striietnres.  Ovaries  from  juvenile,  adnlt  eyelie,  prej;- 
nant,  laetatiiiK,  and  i)ost-laetatin}!;  rats  were  examined. 

Healthy  follicles  exhibited  almost  no  detectable  (Mizymic  activity.  When¬ 
ever  follicles  appeared  atn'tic,  marked  activity  had  develoi)ed  in  tin*  follicnlar 
e])ithclinm.  ('omi)arison  of  these  preparations  with  sections  prepared  by  rou¬ 
tine  staining  methods  sufiifiested  that  a  rise  in  enzymic  activity  may  he  indica¬ 
tive  of  incipient  atresia.  Similarly,  an  increased  (Mizymic  activity  developed  in 
lutein  cells  jirior  to  the  next  ovulation,  before  shrinka!>;e  of  the  corpora  lutea  was 
det(“ctable. 

'I'lie  results  tmid  to  support  the  hypotlu'sis  that  the.se  methods  permit  recog¬ 
nition  of  early  d(*struetive  changes  in  follicles  and  rorjiora  lutea,  which  in  both 
cases  may  be  hormonally  determined.  C'ontrariwise,  no  rise  in  activity  occurred 
in  oocytes  of  atretic  follicles,  even  when  these  were  undergoing  lysis. 

ATIH'.SIA  of  follicle.s  and  involution  of  corpora  lutea  occur  normally  in 
L  cyclic  ovarian  activity.  Both  follicles  and  corpora  are  transiently- 
developed  (2),  and  their  regressions  are  examples  of  physiological  autoly.sis. 
Biochemically,  autoly.sis  may  he  defined  as  the  hydrolysis  of  endogenous 
cellular  .substrates,  including  proteins,  polysaccharides,  lipides,  and  organic 
esters  (d).  Such  digestive  activity  may  bring  about  the  disappearance  of 
parts  of  cells  or  of  whole  cells.  In  the  last  few  years,  it  has  been  proposed 
that  “lysosomes”  may  play  a  significant  role  in  intracellular  digestion,  in¬ 
cluding  autolysis  (4-()). 

Lysosomes  are  a  recently-described  cla.s.s  of  cytoplasmic  particles  with 
which  a  number  of  hydrolytic  enzymes  are  associated  (d,  4).  Morphologi- 

Uo(‘(MV('d  ,Iun('  27,  19(50. 
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(•ally,  they  are  described  as  being' electron-dense  particles  with  an  average 
diameter  of  O.R  to  O.o  g  (7).  They  possess  a  single  membrane  (b,  7).  Bio¬ 
chemically,  the  membrane  is  semipermeable  and  effectively  separates  the 
enzymic  complement  within  from  the  rest  of  the  cellular  constituents. 
These  enzymes  are  easily-soluble  hydrolases,  having  in  common  acid  pH 
optima.  In  addition  to  acid  phosphatase  and  cathepsins  (intracellular 
proteases  and  peptidases)  (R-G),  a  number  of  other  hydrolases  have  been 
found  a.ssociated  with  the  lyso.some  fraction  of  liver  homogenates  (d,  4,  S~ 
11). 

Intracellular  digestion  has  long  been  recognized  to  occur  after  such 
phy.siological  activities  as  phagocytosis  and  pinocytosis.  The  a.s.sociation  of 
lyso.somes  or  lysosome-like  particles  with  the.se  processes  has  already  been 
suggested  or  demonstrated  (R,  o,  G,  12,  Id).  Digestive  processes  also  occur 
during  the  regre.ssion  and  necrobiosis  of  cells  (d,  G).  The  lyso.somes,  by 
virtue  of  their  hydrolytic  enzymes,  would  appear  well-ecpiipped  to  carry 
out  these  functions. 

It  has  been  proposed  that  the  healthy  cell  may  be  protected  from  the  de¬ 
structive  action  of  these  hydrolases  by  the  impermeability  of  the  lysosomal 
membrane  (4).  The  enzymes  would  thus  be  unable  to  act  while  this  barrier  is 
intact,  because  substrates  are  prevented  from  entering  the  lysosomes  or  the 
contained  enzymes  from  leaving.  However,  if  the  membrane  is  altered  in 
.some  way,  it  may  become  permeable  to  .substrates,  or,  in  reverse,  to  the 
contained  enzymes. 

The  (piestion  then  arises,  what  alters  the  lysosomal  membrane  to  permit 
activity  of  the  contained  enzymes  when  autolytic  processes  begin?  To  date 
there  have  been  few  studies  bearing  on  this  (piestion.  l)e  Duve  and  co- 
workers  (4)  have  shown  that  these  hydrolytic  enzymes  escape  from  the  par¬ 
ticles  after  the  oxygen  tension  of  an  organ  has  been  decreased.  Moreover, 
Wolff  (14)  has  studied  the  emergence  of  digestive  activity  in  the  Mullerian 
duct  of  developing  male  chick  embryos.  Proteolytic  enzymes  became  active 
when  endogenous  or  exogenous  androgens  were  at  a  high  level;  this  condi¬ 
tion  favors  regression  of  the  duct.  Brachet  et  al.  (lo)  have  shown  that  when 
regression  is  occurring,  the  lyso.somal  enzymes  studied  are  more  soluble 
than  earlier,  suggesting  that  the  membrane  has  become  permeable. 

Hi  stochemically,  some  form  of  fixation  plus  other  manipulations  (e.g., 
freezing  and  thawing)  of  tissue  appear  to  alter  the  properties  of  even  intact 
lysosomes  sufficiently  so  that  the  membrane  becomes  permeable  to  the  sub¬ 
strates  (IG).  It  is  important  to  emphasize  that  the  histochemical  method 
is  appropriate  only  when  the  enzyme  is  somehow  retained  in  the  section.  A 
iiuly  soluble  enzyme  leaves  the  section  and  cau.ses  hydrolysis  in  the  in- 
•ubating  medium;  this  product  is  precipitated  diffusely  rather  than  at  the 
iriginal  sites  of  activity.  A  discussion  of  this  (luestion  of  desmo  (bound) 

ersus  lyo  (soluble)  enzymes  is  to  be  found  in  Hannibal  and  Xachlas  (17). 

The  presence  of  lysosomes  (as  indicated  by  histochemical  reactivity)  has 
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previously  been  described  by  Xovikoff  (o,  0)  in  many  different  physiologi¬ 
cal  and  pathological  situations.  Included  was  the  observation  that  activity 
is  high  in  demonstrably  atretic  follicles  and  in  some  of  the  corpora  lutea  of 
rat  ovaries. 

The  study  of  incipient  follicular  atresia  by  morphological  criteria  has  not 
proved  .satisfactory  (IS,  19).  There  is  agreement  in  the  literature  that  it  is 
not  possible  to  recognize  early  atresia  by  the  use  of  routine  histological 
methods.  An  earlier  study  indicated  that  lipide  droplets  appear  in  the 
granulosa  when  a  follicle  becomes  atretic  (20).  We  undertook  the  present 
study  to  determine  whether  the  histochemical  demonstration  of  hydrolytic 
enzymes  could  be  used  for  earlier  recognition  of  follicular  atre.'^ia.  It  also 
seemed  of  interest  to  study  just  when  enzyme  activity  develops  in  corpora 
lutea.  These  ends  could  be  accomplished  by  removing  ovaries  at  known 
periods  of  the  estrous  cycle  and  during  pregnancy.  The  two  enzymes  here 
used  as  representative  of  lysosomes  are  acid  phosphatase  and  aminopep- 
tidase  (o,  (>).  In  addition  to  studies  of  follicles  and  corpora  lutea,  observa¬ 
tions  on  oocytes  are  included. 

MATERIAL  AND  METHODS 

To  i)rovi(le  a  wide  siieetruni  of  conditions,  rat  ovaries  were  selected  as  follows.  The 
normal  cyclie  animals  were  24  young  adult  rats  of  the  Sprague-Dawley  strain,  with  an 
average  weight  of  ISO  gm.  Vaginal  smears  were  taken  daib’  to  establish  the  length  and 
regularity  of  the  estrous  cycles,  and  oid}’  rats  having  regular  cycles  were  used. 

Rats  were  selected  at  the  following  stages,  (a)  Mekstrus  (11  rats),  since  at  this  stage 
there  would  he  newly-formed  eorjiora  lutea,  as  well  as  corjjora  from  the  j)revious  cycles; 
also  any  follicles  that  had  failed  to  ovulate  would  be  undergoing  degeneration  at  this 
tinn*.  (b)  hieMrus  (9  rats),  when  medium-sized  follicles,  both  healthy  and  atretic,  an* 
l)resent.  and  the  corpora  of  the  most  recent  ovulation  an'  fully  developed,  (c)  Froestrus 
(4  rats),  when  there  are  a  great  number  of  large  follieles  about  to  ovulate,  and  the 
corjjora  of  the  current  cycle  have  passed  their  maximum  developnu'nt. 

Animals  were  also  selected  during  earh*,  mid,  and  late  pregnancy  ((5  rats),  during 
lactation  (2  rats),  and  shortly  thereafter  (1  rat).  The  ovaries  of  juvenile  rats  (.5  animals. 
20  to  4.5  days  of  age)  were  likewise  examined. 

The  rats  were  killed  by  decapitation.  The  ovaries  were  immediately  placed  into  pre¬ 
chilled  10%  formalin  neutralized  with  an  excess  of  sodium  acetate,  ami  then  fixed  over¬ 
night  at  4°  C.  PTozen  sections  of  the  ovaries  were  cut  at  10  n. 

P'or  histological  study,  some  sections  were  stained  (a)  with  hematoxylin  and  eosin; 
(b)  overnight  with  10“*  M  methylene  blue,  pH  4.5;  and  (c)  with  Oil  red  O  (21).  The 
reasons  for  our  choice  of  these  methods  will  be  explained  under  Results. 

To  demonstrate  enzymatic  activity,  other  sections  were  incubated  (a)  by  the  (Jomori 
acid  phosphatase  proeedure  (21),  at  pH  5.0,  for  20  and  40  minutes;  (b)  after  acetone 
('xtraction,  by  the  aminopeptidase  method  of  Burstone  and  P'olk  (22),  using  L-leucyl-2- 
naplithylamide  HCl  and  Garnet  GBC  at  pH  7.1,  for  1  and  2  hours;  and  (c)  by  the 
Gomori  alkaline  phosphatase  method  (21),  pH  9.4,  3  minutes.  Control  sections  were  in¬ 
cubated  without  substrates. 

In  addition  to  frozen  sections  from  formalin-fixed  organs,  as  described  above,  tissues 
prepared  in  other  ways  were  tested.  In  all  cases,  sections  were  stained  for  acid  phos¬ 
phatase  activity  and  adjacent  sections  were  prepared  by  other  methods  necessary  for 
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the  identification  of  structures,  (a)  Sections  of  frozen,  unfixed  rat  ovaries  were  cut  in  a 
cryostat  at  —20°  C,  mounted  on  coverslips  and  dried.  'Diese  were  used  either  unfixi'd  or 
after  fixation  in  10%  neutralized  formalin  or  in  calcium-formalin  (5,  0)  for  30  minutes, 

4  hours,  and  24  hours,  at  4°  C'.  (h)  Sections  of  unfixed  ovaries  were  cut  in  the  cryostat, 
mounted  and  dried.  They  were  then  frozen  and  thawed  5  times  (5  minutes  at  —20°,  5 
minutes  at  room  temperature,  each)  before  incubation,  (c)  Ovaries  fixt'd  overnif!;ht  in 
calcium-formalin  at  4°  were  then  transferred,  according  to  Holt’s  jjrocedure  (10)!  to 
0.<S.S  M  sucrose  in  1%  }fum  acacia  and  left  for  one  week  at  4°  before  use.  Other  ovaries 
were  left  in  neutralized  formalin  for  a  week  in  the  refrigerator,  (d)  Frozen  sections  from 
neutral  formalin-fixed  blocks  were  treated  with  the  detergent  Triton  X-100  (10)  for  one- 
half  hour,  both  at  room  temperature  and  at  4°.  (e)  Some  sections  cut  from  blocks  fixed 
overnight  as  usual  were  mountt'd  and  dried  on  slides  and  left  in  the  refrigerator  over¬ 
night.  Others  of  the  same  series  were  left  in  distilh'd  water  in  the  refrigerator  overnight, 
then  mounted  on  slides  the  next  day.  The  two  sets  of  sections  were  incubated  together. 

RESULTS 

Follicles.  For  tlie  initial  identification  of  atretic  follicles,  we  used  the 
presence  of  lipide  droplets  in  the  frranulosa  cells  (‘20)  and  various  morpho¬ 
logical  features,  such  as  distortion  of  the  shape  of  the  follicle  (Figs.  4,  7,  S) 
and  a  ragged  appearance  of  the  follicular  epithelium  (Figs.  7,  S,  10,  10).  A 
round,  symmetrical  follicle  with  regularly-arranged  follicular  epithelium 
and  no  detectable  lipide  was  regarded  as  healthy.  The  subseciuent  study 
showed  that  many  follicles  not  appearing  abnormal  by  these  criteria  dis¬ 
played  enzymic  propertie.s- identifying  them  as  atretic. 

Healthy  follicles  exhibited  no  detectable  acid  phosphatase  or  amino- 
peptidase  activity  in  the  granulosa  cells  (Figs.  1,  2,  5,  <S,  10,  19).  In  any  one 
section,  .some  follicles  had  no  reactivity  in  the  granulosa,  while  others 
showed  varying  degrees  of  enzymic  activity'.  Follicles  recognizable 
morphologically  as  atretic  by  the  criteria  enumerated  above  always  had  a 
high  degree  of  activity  in  this  layer  (Figs.  1-0,  10,  10,  17,  19).  Some  nor¬ 
mal-appearing  follicles  also  po.sse.ssed  activity  (Figs.  8,  S,  9).  From  com¬ 
paring  histological  preparations,  especially  those  stained  with  Oil  red  O, 
with  adjacent  enzymic  preparations,  it  was  our  impre.s.sion  that  some  fol¬ 
licles  showing  no  detectable  free  lipide  already  showed  an  increase  in  enzy¬ 
mic  activity. 

In  acid  phosphatase  preparations,  the  reaction  appeared  in  granules 
'  Figs.  8,  o,  10).  As  emphasized  by  Novikoff  (5),  when  overall  activity  ap¬ 
peared  weak,  the  individual  granules  were  small  (Fig.  2),  whereas  when 
reactivity  became  more  intense,  the  granules  appeared  larger  (Figs.  8,  5, 
10).  In  aminopeptidase  preparations,  po.ssibly  because  of  the  diffusibility 
of  azo-dye  products,  the  intracellular  localization  was  not  clear,  but  the 
•eaction  product  was  certainly  in  the  cytoplasm. 

An  increase  of  activity  of  these  enzymes  was  independent  of  the  size  of 
.he  follicle;  follicles  in  all  stages  of  growth  po.sse.ssed  reactivity  when  under- 
.;oing  atresia  (cf.  Figs.  8,  5,  8). 

As  atresia  progre.ssed  there  was  an  apparent  dissolution  of  the  cells  in  the 


Figs.  1-0.  KxainjOos  of  ovarian  folliclo.s  in  (liffi'rcMit  pliysiolo}j;ical  states,  all  ineu- 
hated  to  demonstrate  aeid  phosjdiatase  aetivity.  Fif!;s.  1-4,  2()-niinute  ineuhations; 
Fi^s.  5  and  0,  40-ininute  ineuhations. 

Fig.  1.  Juvenile  rat  (30  days  old);  Xea.  110.  Healthy  folliele  (li)  and  follieles  in  early 
(e)  and  late  (1)  stages  of  atresia.  Heaetive  granules  arc  absent  from  the  healthy  folliele 
and  increasingly  abundant  as  atresia  progresses. 

Fig.  2.  Pregnant  rat;  Xea.  320.  The  upper  portion  of  the  figure  illustrates  the  edge 
of  an  apparently  healthj-  follicle;  only  occasional  small  granules  are  detectable  in  the 
granulosa;  none  ajjpears  in  the  oocyte.  The  lower  edge  of  the  figure  contains  interstitial 
tissue  with  marked  activity  in  the  central  detritus. 

Fig.  3.  Juvenile  ovary;  Xea.  320.  Segments  of  two  follicles  in  early  stages  of  atresia. 
There  are  more  granules  in  the  granulosa  cells  than  in  Fig.  2;  again  the  oocyte  shows  no 
activity. 

Fig.  4.  Pregnant  rat;  Xea.  80.  A  slightly  distorted  but  otherwise  normal-appearing 
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Figs.  7  and  S.  Xcarly  adjacent  frozen  section.s  of  an  ovary  of  a  juvenile  rat  (30  days 
old);  Xca.  50.  Fi^.  7  stained  with  dilute  methylene  blue;  F'ifj;.  8  .stained  for  aeid  jiIuks- 
phatase  activity,  20-niinute  inenhation.  The  4  lar^e  follicles  on  the  surface  all  apjiear 
essentially  normal  morphologically,  Imt  two  of  them  have  developed  conspicuous  acid 
phosphatase  activity  in  the  granulosa,  and  are  deemed  atretic  (a).  Many  smaller  follicles, 
some  of  which  are  detectahly  atretic,  also  show  marked  aetivity.  Some  lobules  of  inter¬ 
stitial  tissue  (i)  retain  central  masses  of  degenerate  granulosal  cells  (see  Figs.  1,  2,  0,  12). 


granulosa  (Figs.  1,  (5,  8,  11,  12).  The  amount  of  reactive  material  increased, 
and  in  the  late  .stages  of  atresia  there  seemed  to  he  a  confluence  of  the  gran¬ 
ules  (Figs.  2,  (),  12,  19).  As  known  from  earlier  studies  (20,  28),  when  the 
granulosa  fragments  and  disappears,  the  follicle  as  a  whole  shrinks,  hut  the 
cells  of  the  theca  interna  persist  and  po.ssihly  proliferate.  The  center  of  the 
follicle,  previously  occupied  hy  granulosa  and  fluid,  is  obliterated,  and  the 
atretic  follicle  is  thus  converted  into  a  lohule  of  interstitial  ti.s.sue.  Some 
such  lohules  may  still  contain  an  oocyte  (Figs.  11,  12)  (20). 

Fven  when  entirely  surrounded  hy  degenerating  cells,  oocytes  were  gen¬ 
erally  devoid  of  any  sign  of  hydrolytic  enzymic  activity  (Figs.  1,  8,  4, 1),  10, 


fi  Miclc,  with  very  marked  activity  in  the  granulosa.  'I'lie  aiiparent  activity  in  tin* 
incleolus  in  the  oocyti*  is  a  false-positive  reaction  (24). 

Fig.  5.  Diestrous  rat;  Xca.  .320.  .\bove,  the  edge  of  a  large  follicle  undergoing  atresia; 
tl  ‘re  is  a  conspicuous  accumulation  of  reactive  granules.  There  is  virtually  no  granular 
a  ^ivity  in  the  wall  of  a  very  small  follicle  in  the  lower  left. 

Fig.  0.  Diestrous  rat;  Xca.  320.  .\  section  through  a  new  lobule  of  inti'rstitial  tissue, 
w  th  a  eentral  mass  of  degenerate  granulosa  cells  exhibiting  marked  activity. 


Figs.  9-12.  Oocytes  within  atretic  follicles.  .\11  .sections  ineuhated  to 
(leinonstrate  acid  ])hosj)hatasc  activity,  40  minutes. 

Fig.  9.  Dicstrous  rat;  Xca.  125.  Small  vesicular  follicle.  The  oocyte,  although 
vacuolated  in  appearance  (lii)idc  ?),  shows  no  acid  phosphatase  activity. 

Fig.  10.  .Juvenile  rat  (20  days);  Xca.  300.  Cumulus  oophorus  of  a 
large  vesicular  follicde  shows  marked  activity  in  the  granulosa. 

Fig.  11.  Metestrous  rat;  Xca.  300.  Follicle  almost  completely  converted  to  inte 
ititial  tissue;  all  granulosa  cells  have  disappeared,  the  oocyte  e.xhihits  very  wea 
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12).  In  only  one  or  two  instances  did  the  egg  cell  itself  exhibit  a  fine  granu¬ 
lar  precipitate,  and  then  only  when  the  follicle  had  been  almost  completely 
converted  to  a  lobule  of  interstitial  tissue  (Fig.  11). 

Corpora  lutca  during  the  estrous  cycle.  The  corpora  lutea  were  divided  into 
the  following  classes:  (a)  those  of  the  first  generation  (post-ovulatory);  (b) 
corpora  of  the  .second  generation  (i.e.,  of  the  previous  cycle);  (c)  still  older 
corpora.  The  ages  of  these  corpora  were  judged  primarily  by  the  degree  of 
basophilia  toward  methylene  blue  and  the  size  of  intracellular  lipide  drop¬ 
lets  (20).  Corpora  lutea  of  the  first  generation  stained  intensely  with 
methylene  blue  and  showed  very  fine  and  evenly-distributed  lipide  drop¬ 
lets  (Figs.  i:i,  14).  In  metestrus,  the.se  corpora  were  not  yet  well-vascular¬ 
ized,  as  shown  by  the  reaction  for  alkaline  phosphatase  (Fig.  l.j),  which  in 
the  ovary  is  prominent  in  capillaries  and  larger  vessels. 

First  generation  corpora  exhibited  relatively  little  acid  phosphatase  and 
aminopeptidase  activity  in  compari.son  with  older  corpora  (Figs.  10,  17). 
Structurally,  new  corpora  showed  regular  cords  of  small  lutein  cells  (Fig. 
20).  As  these  corpora  grew  during  diestrus,  activity  made  its  appearance 
but  was  limited  almost  completely  to  periva.scular  macrophages.  Only 
occa.sional,  small  granules  possessing  acid  phosphatase  activity  occurred  in 
the  lutein  cells  at  this  stage.  The  number  of  granules  then  seemed  to  in- 
crea.se  during  proestrus. 

Corpora  of  the  second  generation  (formed  4-H  days  previously)  were 
identifiable  by  a  much  weaker  staining  with  methylene  blue,  and  by  the  ac¬ 
cumulation  of  large  intracellular  lipide  droplets  (Figs.  Id,  14).  In  the  .sec¬ 
tions  incubated  for  acid  phosphatase  and  aminopeptidase,  such  corpora  ex¬ 
hibited  very  high  reactivity  (Figs,  lb,  17).  The  enzymic  reaction  product 
occurred  not  oidy  in  pericapillary  macrophages  but  also  abundantly  within 
lutein  cells  (Fig.  21).  During  their  .second  generation,  the  lutein  cells  be¬ 
came  increasingly  necrotic  in  appearance. 

Corpora  of  .still  earlier  cycles  had  le.ss  enzymic  activity.  Most  of  the 
liarenchymatous  cells  had  disappeared  by  this  time,  but  there  was  still  a 
strong  reaction  in  the  connect ive-ti.ssue  phagocytes  (Fig.  IS). 

('orpora  lutca  of  prcguaucy  and  lactation.  During  pregnancy  the  lutein 
c('ll.s  became  much  larger  than  those  in  cyclic  corpora  (Fig.  22).  By  10  days 
tltese  corpora  were  no  longer  basophilic,  but  they  po.sse.ssed  only  small 
lipide  droplets,  like  first  generation  corpora.  During  mid  and  late  gestation, 
changes  in  the  size  and  distribution  of  these  droplets  occurred;  they  en- 

(“'  zymatic  activity. 

Fig.  12.  Dicstrous  rat;  Xca.  12.5.  Two  new  lobules  of  interstitial  tissue  are  pre.sent. 
1  ic  upper  one  (arrow)  resembles  that  in  Fig.  11,  although  the  central  residue  (oocyte  ?) 
c  hihits  no  activity.  The  lower  lobule  still  contains  highly  reactive  granulosal  debris; 
t  ”  oocyte  pos.se.sses  no  activity  (cf.  Figs.  4,  6). 
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Figs.  13-17.  .Xdjawnt  .sections  of  a  rat  ovary  (nietestrus),  all  Xca.  20;  (n)  new 
corpus,  (o)  corpus  of  the  preceding  cycle,  (a)  luteinizing  atretic  follicle,  (h)  small  healths 
follicle,  (i)  lobule  of  interstitial  tissue.  Fi^.  13.  Stained  with  dilute  methylene  blue.  Tla 
new  corpus  luteum  is  much  more  hasoi)hilic  than  the  old  one.  The  {granulosa  of  tin 
atretic  follicle  is  also  hasojihilic,  as  is  this  layer  in  young  healthy  follicles.  Fig.  14 
Stained  with  Oil  red  O.  The  new  corpus  and  the  atretic  follicle  contain  little  free  lipidi 
the  old  corpus  exhibits  large  droplets.  Lipides  also  occur  in  the  interstitial  tissue  am 
the  thecas  of  follicles.  Fig.  15.  Stained  for  alkaline  phosphatasi*  activity.  The  walls  o 
blood  vessels  within  the  old  corpus,  in  the  theca  surrounding  the  new  corjjus  luteum,  a 
well  as  in  those  of  follicles,  and  in  the  interstitial  tissue  all  react  positively.  In  froze 
sections,  unlike  paraffin  si'ctions  (20),  there  is  little  difference  in  reactivity  of  atretic  an 
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Fig.  19.  Ovary  of  a  pregnant  rat  (<lay  15),  incubated  for  acid  plu)sphata.se  activity, 
20  minutes,  XSO.  Portions  of  2  large  eorjiora  show  only  weak  activity.  Three  severely 
atretic  follicles  at  the  top  of  the  section  exhibit  marked  activity  in  the  granulosal  layer, 
while  a  healthy  small  follicle  (to  the  right  of  h)  shows  none. 

larked  in  .some  lutein  cells  hut  not  in  others.  The  corpus  as  a  whole  re¬ 
mained  about  the  same  size,  however  (e.g.,  Fig.  ID),  and  no  shrinkage  was 
evident  until  after  parturition. 

The  corpora  of  pregnancy  were  well  vascularized.  They  exhibited  only 
slight  aminopeptidase  or  acid  phosphatase  activity  (Fig.  19).  Some  intra¬ 
cellular  granules  of  enzymic  reaction  product  were  present  in  the  lutein 
cells  (Fig.  22) ;  more  were  present  in  the  pericapillary  macrophages  (not  evi¬ 
dent  in  this  figure).  Corpora  lutea  of  early,  mid  and  late  pregnancy  were 
not  readily  distinguishable  from  each  other  on  the  basis  of  hydrolytic  en¬ 
zymic  activity  as  demonstrated  by  the  methods  used. 

The  new  corpora  formed  after  parturition  became  large,  like  those  of 


lieulthy  follicles.  Fig.  IG.  Stained  for  acid  phosphatase  activity,  2()-mimite  incubation. 
The  two  old  corpora  and  the  atretic  follicles  disjilay  marked  activity;  the  new  corjius 
luis  little,  and  a  small  healthy  follicle  has  none.  Interstitial  tissue  is  only  slightly  ac- 
‘ive.  Fig.  17.  Stained  for  aminopeptidase  activitj-,  1-hour  incubation.  The  reactivity  is 
"sscntiallj'  parallel  to  that  for  acid  phosphatase,  although  the  luteinizing  atretic  follicle 
.s  relatively  lighter. 

Fig.  18.  Section  of  the  same  ovary,  staineil  for  acid  phosphatase  activity,  Xea.  G5. 
V  severely  regressed  corpus  luteum  (?  3rd  generation)  shows  marked  activity  only  in 
‘he  residual  macrophages. 
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P'iGs.  20-22.  Portions  of  corponi  lutoa  .stained  for  arid  phosphatase  aetivity,  X400. 
Fi^s.  20  and  21,  rats  in  inetestrus;  Fig.  22,  pregnant  rat  (same  as  Fig.  19).  In  the  new 
eorims  luteiim  (Fig.  20)  aetivity  is  almost  nil.  In  the  n'gressing  eorjjus  luteum  (Fig.  21) 
marked  aetivity  oeeurs  in  j)hagoeyt(‘s  and  also  in  lutein  eells.  Note  that  no  aetivity  oc- 
eurs  in  the  gt'rminal  epithelium  (g).  In  the  eorims  luteum  of  j)regnaney,  one  or  two  foei 
of  aetivity  oeeur  per  lutein  cell. 


prefrnancy,  and  remained  equally  deficient  in  enzymic  activity  as  long  as 
lactation  continued.  However,  in  the  ovary  of  the  animal  killed  4  days 
after  lactation  had  terminated,  the  receding,  large  corpora  had  marked 
activity. 

Olher  preparative  methods.  The  experiments  described  to  compare  our 
standard  procedure  with  other  preparative  methods  yielded  the  following 
results. 

(a)  Sections  that  had  been  cut  in  the  cryostat  before  fixation  and  then 
incubated  for  acid  phosphatase  activity,  either  unfixed  or  after  fixation, 
were  quite  un.satisfactory.  Totally-unfixed  sections  showed  very  uneven 
results,  with  some  areas  appearing  unreactive,  while  some  old  corpora  gav( 
intense  but  diffuse  reactions.  If  the  sections  had  been  fixed  before  incuba 
tion,  the  reaction  for  acid  phosphata.se  was  again  variable  and,  where  i 
occurred,  generally  diffuse.  However,  in  some  structures  granules  such  a 
tho.se  described  above  were  detectable. 
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(h)  When  unfixed  cryostat  sections  were  repeatedly  frozen  and  tliawed 
before  incubation,  no  staining  of  cytoplasmic  granules  occurred.  Where 
staining  was  present,  there  was  a  diffuse  background  wash  plus  some  pre¬ 
cipitation  of  the  reaction  product  on  nuclei  (24). 

(c)  When  fixed  blocks  were  kept  for  a  week  in  cold  gum-sucrose  (1(5), 
sections  incubated  for  acid  phosphatase  showed  (piite  poor  localization  of 
final  reaction  product.  The  granules  were  ill-defined,  the  surrounding  cyto¬ 
plasm  showed  more  intense  staining,  and  nuclear  staining  was  also  the  gen¬ 
eral  rule.  Blocks  kept  in  our  usual  fixative  for  a  week  had  lost  reactivity. 

(d)  Sections  treated  with  the  detergent  Triton  X-lOO,  either  at  room 
temperature  or  in  the  refrigerator,  exhibiteil  marked  loss  of  overall  activ¬ 
ity,  and  where  some  reaction  product  occurred  it  was  diffusely  distributed. 

(e)  When  fixed  sections  that  had  been  left  in  ice  water  overnight  were 
incubated,  little  enzymic  activity  persisted,  and  the  product  was  located 
on  nuclei  rather  than  in  cytoplasmic  granules  (24).  Sections  that  had  been 
dried  and  kept  in  the  refrigerator  overnight  exhibited  staining  limited 
almost  entirely  to  cytoplasmic  particles;  no  nuclear  staining  was  evident. 

DISCUSSION 

In  this  report  we  have  interpreted  the  enzymic  activity  observable 
within  the  granulosal  cells  of  atretic  follicles  and  in  regressing  lutein  cells 
as  demonstrating  lysosomes,  as  suggested  by  Xovikoff  (.5,  (5).  This  inter¬ 
pretation  is  based  in  part  upon  the  localization  of  the  reaction  in  cyto¬ 
plasmic  granules,  especially  in  the  case  of  acid  phosphatase.  Further  sup¬ 
port  for  this  concept  was  given  by  our  studies  dealing  with  pretreatment 
of  tissue  other  than  fixation  with  cold  neutralized  formalin  and  sectioning 
on  a  C()2-chilled  microtome.  The  experiments  using  unfixed  cryostat  sec¬ 
tions  suggested  that  freezing  tissue  before  fixation  damages  the  lysosomal 
membrane,  so  that  much  enzyme  leaches  out  and  is  not  available  to  be  pre¬ 
served  by  subsequent  fixation.  Freezing  and  thawing  the  sections  before 
fixation  permit  even  greater  loss,  as  would  be  expected  from  the  observa¬ 
tions  of  de  Duve  (d,  4).  Similarly,  treatment  of  sections  with  a  detergent, 
Triton  X-100,  allowed  leaching  out  of  enzyme,  as  has  been  demonstrated 
by  Holt  (10).  Soaking  fixed  .sections  in  water  apparently  had  the  same 
effect.  We  could  not  duplicate  the  beneficial  effects  on  preservation  of 
activity  reported  by  Holt  (1(5)  of  keeping  fixed  ti.s.sue  blocks  in  an  isotonic 
gum-sucrose  mixture.  Apparently  acid  phosphatase  was  partially  solu- 
!)ilized  under  these  conditions. 

Follicular  atresia.  Some  of  the  morphological  changes  that  have  been 
videly  accepted  as  evidence  of  atresia  are  pyknosis  of  the  nuclei  of  the 
granulosal  cells  and  fragmentation  of  the  cells  bordering  on  the  antrum, 
vhen  the  follicle  is  large,  or  around  the  ovum,  when  the  follicle  has  not  yet 
)ecome  vesicular.  Also  described  have  been  shrinkage  and  distortion  of  the 
mtire  follicle  and  nuclear  changes  in  the  oocyte.  Some  workers  have  de- 
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scribed  al>normal  mitotic  figures  in  the  granulosa  as  indicative  of  the 
earliest  sign  of  atresia  (IS),  (lenerally  these  studies  have  been  limited  to 
clearly  atretic  follicles,  and  usually  oidy  to  vesicular  follicles  (20,  25-29). 
Xo  agreement  exists  as  to  which  of  the  above  changes  is  primary  and  all 
workers  have  stressed  that  atresia  may  have  begun  before  such  morpho- 
logi(*al  changes  were  evident. 

An  earlier  .study  on  rat  ovaries  by  one  of  us  (20)  suggested  that  histo- 
chemical  changes  may  precede  visible  morphological  alterations.  Atretic 
follicles  differed  from  normal  ones  in  that  some  or  all  of  the  granulosa  cells 
contained  glycogen,  lipide  droplets  and  ascorbic  acid,  and  exhibited 
alkaline  phosphatase  and  nonspecific  esterase  activity.  A  subsequent 
study  by  Moss  et  al.  (30)  on  cow  ovaries  confirmed  some  of  these  observa¬ 
tions.  The  enzyme  reactions  were  performed  on  paraffin  .sections,  a  method 
no  longer  deemed  sati.sfactory  because  localization  is  unreliable  (24).  In 
fact,  with  frozen  .sections  we  have  not  been  able  to  confirm  the  observa¬ 
tion  that  alkaline  phosphata.se  activity  ri.ses  in  atretic  follicles. 

The  pre.sent  results  indicate  that  activity  of  the  lysosomal  enzymes  acid 
phosphata.se  and  aminopeptidase  is  detectable  in  the  granulosal  cells  very 
early  in  the  atretic  process.  By  comparing  sections  stained  for  enzyme 
activity  with  adjacent  one  stained  for  lipides,  it  appeared  that  such  activ¬ 
ity  ri.ses  before  lipide  droplets  are  demonstrable.  This  observation  .suggests 
that  one  of  the  earliest  alterations  in  a  follicle  undergoing  atre.sia  may  be 
an  increa.se  in  the  concentration  of  such  hydrolytic  enzymes.  The  activity 
of  these  enzymes  may  be  responsible  for  the  subsequent  morphologi¬ 
cal  changes  characteristic  of  atresia. 

We  have  no  observations  that  would  help  explain  why  certain  follicles 
develop  high  levels  of  activity  of  these  enzymes  and  become  atretic.  The 
causal  mechanism  of  atresia  has  not  been  determined.  Sturgis  (31),  among 
others,  has  emphasized  the  possibility  that  atresia  may  be  a  result  of  cir¬ 
culatory  embarrassment.  In  this  respect  one  is  reminded  of  de  Duve’s  ob¬ 
servations  on  the  deleterious  effects  of  low  oxygen  levels  on  the  lysosomal 
membrane  (4).  Why  circulatory  failure  occurs  in  .some  follicles,  however, 
and  not  in  others  is  still  open  to  debate.  Both  mechanical  (31)  and  hor¬ 
monal  factors  (32,  33)  have  been  invoked. 

Two  earlier  reports  become  especially  interesting  in  view  of  these  ob¬ 
servations  that  the  granulosa  cells  of  atretic  follicles  develop  high  titers  o'" 
digestive  enzymes.  One  is  the  demonstration  by  Evans  (34)  that  thes ' 
cells  take  up  certain  vital  dyes  when  follicles  become  atretic.  This  suggest > 
that  one  function  of  the  granulo.sa  cells  in  atretic  follicles  may  be  the  rf- 
moval  of  both  follicular  fluid  and  remnants  of  the  oocyte.  More  recent!} 
Hisaw  and  Ilisaw  (35)  have  reported  that,  in  elasmobranchs,  the  follicuh' 
epithelium  con.sumes  the  yolk  when  oocytes  die.  Phylogenetically,  ther*- 
fore,  phagocytosis  may  have  lieen  a  significant  function  of  these  cells.  T1  * 
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same  enzymes  used  for  (lip:estion  of  phagocytized  material  would  also  be 
capable  of  digesting  the  cell’s  own  protoplasm. 

Our  results  conform  with  those  of  Sturgis  (31),  in  that  atresia  was  evi¬ 
dent  in  young  follicles  without  antra  as  well  as  in  larger  follicles.  Further¬ 
more,  as  emphasized  earlier  by  Arai  (30)  and  Slater  and  Dornfeld  (37),  a 
large  number  of  follicles  become  atretic  prior  to  the  first  ovulation  in 
juvenile  rats. 

Destruction  of  oocytes.  It  is  of  particular  interest  that  no  hydrolytic  en¬ 
zymic  activity  demonstrable  by  our  methods  could  be  found  within 
oocytes  in  even  markedly  atretic  follicles.  Others  have  reported  (20,  3S) 
that  ova  may  appear  normal  despite  advanced  atretic  changes  in  the 
granulosa.  It  is  possible  that  oocytes,  at  least  in  the  mammals  studied, 
may  not  possess  an  autolytic  mechanism  such  as  that  described  here  for 
granulosa  cells.  Indeed,  Hrachet  et  al.  (15)  have  reported  that  lysosomes, 
according  to  the  biochemical  criteria  established  by  de  Duve,  do  not  exist 
in  the  amphibian  egg. 

We  have  no  direct  explanation  as  to  the  mechanism  bringing  about  dis¬ 
solution  of  the  oocyte  so  characteristic  of  advanced  follicular  atresia.  Sev¬ 
eral  possibilities  may  be  suggested.  Soluble  hydrolases  derived  from  the 
gramdosa  cells  may  reach  the  oocyte  and  subse(piently  cause  its  break¬ 
down,  or  enzymes  other  than  those  we  have  studied  may  be  responsible  for 
its  destruction.  Fvans  (34)  suggested  that  macrophages  may  be  responsi¬ 
ble  for  removal  of  the  detritus  .seen  within  the  cavity  of  the  atretic  follicle. 
It  would  be  impossible  to  determine  whether  all  of  the  reactive  material  in 
our  preparations  is  within  granulosa  cells  (Figs.  0  and  12);  some  reactive 
cells  may  indeed  be  macrophages. 

Lutcolysis.  l^arlier  workers  have  described  an  accumulation  of  lipide 
followed  by  shrinkage  of  the  cells  as  corpora  lutea  regress  (20,  30  Iti). 
ritimately  there  is  nuclear  pyknosis  and  fragmentation  of  the  cells,  cential 
necro.sis,  and  replacement  of  parenchyma  l)y  connective  tissue.  However, 
as  with  the  follicle  undergoing  atre.sia,  it  has  not  been  possible  to  pin-point 
the  time  at  which  regression  begins  in  the  corpus.  Histochemically,  aside 
from  the  accumulation  of  large  lipide  droplets  containing  demonstrable 
amounts  of  cholesterol  (20,  44,  47),  no  marked  differences  distinguish  tlie 
corpus  beginning  to  shrink  from  the  full-size  one. 

The  present  study  suggests  that  a  rise  in  acid  phosphatase  activity 
occurs  in  lutein  cells  when  they  begin  to  involute  and  that  this  activity  re- 
iiuiins  high  until  all  recognizable  parenchyma  has  disappeared.  For  the 
)  it,  the  development  of  activity  in  proestrus  coincides  with  the  time  of  ac- 
I  imulation  of  cholesterol-rich  lipide  droplets  (20,  47).  In  corpora  of  preg- 
]  ancy  and  lactation,  there  was  no  rise  in  enzymic  activity  with  time.  An 
i  icrease  appeared  only  after  parturition  in  corpora  of  pregnancy,  and  after 
>  ickling  had  terminated  in  corpora  of  lactation. 


i 


240 


LOBEL,  ROSENBAUM  AND  DEANE 


Volume  6S 


For  rodents,  current  evidence  suggests  that  corpora  lutea  begin  to  in¬ 
volute  wlien  the  titer  of  circulating  luteotrophic  hormone  (LTII)  falls  in 
relation  to  the  titer  of  luteinizing  hormone  (LII,  IC8I1)  (47,  4S).  In  the 
normal  cycle,  this  shift  coincides  with  the  rising  production  of  estrogen  by 
the  new  crop  of  follicles,  and  Klein  (49)  has  suggested  that  a  high  titer  of 
estrogen,  rather  than  the  decline  in  LTH,  may  be  responsible  for  the  in¬ 
volution.  W  hichever  hormonal  shift  is  causative,  it  appears  that  luteoly- 
sis,  apparently  initiated  by  the  rising  amount  of  hydrolytic  enzymes,  is 
governed  by  hormones.  More  certainty  than  is  the  case  for  follicular  atresia, 
luteolysis  thus  resembles  the  involution  of  the  Mullerian  <luct  in  chick 
embryos  (14). 
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KFFKCTS  OF  METHYL  GROUP  SURSTITUTIOX  FOR 
IODINE  ON  METABOLIC'  ACTIVITY  OF  THYROX¬ 
INE.  TRIIODOTHYRONINE  AND  TETRA- 
lODOTHYROPROPIONIC'  AC'HT 

CONSTANCE  S.  PITTMAN,  HIROSHI  SHIDA 
AND  S.  B.  BARKER 
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AHSTRAC'T 

('()nii):irc(l  to  3',o'.3.5-tetraio<lothyropro|)ionic  acid,  3','>'-<liim‘tliyl-3,o-(li- 
i(Klotliyro|)ropioiiic  acid  was  15  to  3()%  mon*  active  as  measured  l)y  tissue  me¬ 
tabolism  or  basal  metabolie  rate,  respectively,  of  injected  thyroidectomizi'd 
rats.  Similarly,  3',5'-dimetliyl-3,.5-iliiodo-i)L-thyronine  approached  of  the 
activity  of  L-thyroxine  and  3'-methyl-3,5-diiodo-L-thyronine  was  44%  as  active 
as  3',3,5-L-triiodothyronine  on  an  ecpiimolar  basis.  In  contrast  3',5',3.5-tetra- 
methyl-i>L-thyronine  displayed  no  detectable  metabolie  activity. 

AMONCi  the  many  alterations  in  the  thyroxine  molecule  carried  out  in 
recent  years,  substitution  of  other  halogens  for  the  iodines  on  the 
diphenyl  ether  nucleus  has  been  most  common.  In  general,  bromine  and 
chlorine  replacement  of  iodine  has  lowered  physiological  activity  in  that 
order  (1-d).  Tetranitrothyronine  showed  very  slight  thyroxine-like 
stimulation  of  metabolism,  although  it  resulted  in  considerable  growth  in 
young  thyroidectomized  animals  (4).  Four  methyl-containing  thyroxine- 
like  materials  ;:V,5'-dimet  hyl-:b*Ydiiodo-DL-thyronine  (Me. T..),:V,5',3,o-tet- 
ramethyl-DL-thyronine  (MeT),  d'-methyl-R,.)-diiodo-L-thyronine  (MeT-.), 
and  3',5'-dimethyl-3,')-diiodothyropropionic  acid  (MeaPr*)-^  have  been 
evaluated,  since,  from  .some  physico-organic  aspects,  methyl  groups  might 
be  expected  to  out-perform  iodines  (o).  Only  very  small  amounts  of  the 
first  two  compounds  named  above  were  available. 

METHODS 

!>l)raguo-l)awley  albino  rats,  at  least  (5  weeks  i)ost-thyroidectomy,  were  used  exclu 
sively.  Metabolic  responses  were  evaluated  both  on  whole  animals,  by  measuring  tlu 
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post-absorptive  metal)olie  rate,  and  on  a  variety  of  tissues,  with  oxygen  eonsumption 
measurements  in  tiie  Warburf!;  apparatus.  For  the  first,  a  modified  Watts  and  (Jourley 
proet'dure  (6)  was  list'd  for  Ihisal  Metabolie  Rate  (H.MR)  determinations  liefore  and  dur- 
infj  injection  of  the  eompounds  bein^  tested,  in  some  instances  a  eommercially  availaltle 
servo-activated  aiijiaratus.®  Tiie  animals  wen*  jilaei'd  on  a  s|)eeial  fee<Hn}>:  ri'fjimen  (7) 
to  insure  a  iiost-absorjitive  condition  for  determination  of  tlie  HMR.  .\fter  tlu'  animals 
had  been  trained  to  the  aiiparatus,  at  least  thrt'c  series  of  aetivity-fret'  R.MR’s  wen' 
obtained.  L-Thyroxine  (Ti),  3',3,o-i.-triiodothyronine  (T.i)  or  the  desirt'd  analo<fue  was 
then  injected  subcutaneously  once  per  day  for  each  of  4  days.  RMR’s  were  measured 
after  2,  3  and  4  days  of  injeeting  and  the  highest  two  averaged;  a  iilateau  was  nearly 
always  ri'aehed  after  3  and  4  days. 

For  injections,  T4.  T3  or  the  desired  analogue  was  dissolved  in  the  proper  amount  of 
O.IX  XaOH  to  make  0.()2N  final  XaOH  eoneentration  when  diluted  with  0.9%  NaCl  to 
make  the  appropriate  dosage.  Each  eomiiound  was  injected  subcutaneously  once  per 
day,  dosages  being  shown  as  micromoles,  kg.  day. 

For  ti.ssue  metabolism,  control  and  analogue-injected  animals  were  anesthetized  with 
ether  after  4  days’  injections,  exsanguinated  and  the  desirt'd  tissues  jdaced  in  ehilh'd 
Kri'bs’  Ringt'r  solution.  Oxygen  consumption  runs  were  made  in  Krt'bs’  Ringer-phos- 
lihate-glueose  at  37°  (8,  page  149)  using  “intact-cell”  preparations.  Slices  of  liver,  kidney 
cortex,  salivary  gland,  pancreas  and  cardiac  muscle  (left  ventricle)  were  cut  using  tlu' 
Deutsch  tei'hniijue  (8,  pagi'  130),  with  Schick  blades.  The  entire  diaphragm  was  re¬ 
moved,  the  central  tendon  carefully  cut  out  and  (piarter-diaphragms  prepared  by  cutting 
parallel  to  the  visible  muscle  fibers.  Rundles  of  skeletal  muscle  fibers  were  ti'ased  by 
blunt  dissection  from  the  long  parallel-fihered  anterior  neck  muscles  using  the  technique 
of  Richardson,  Shorr  and  Loebel  (9). 


RESULTS 

In  contra.st  to  the  re.sult.s  on  tadpole  metamorphosis  (10),  :V,o',3,'>-letra- 
iodothyropropionie  acid  (Tetraprop)  is  not  a  metaholically  potent  com¬ 
pound  in  warmblooded  animals.  As  measured  by  whole  animal  BMll, 
'Fetra-prop  is  only  0%  as  active  as  L-thyroxine  (T4)  and  14%  by  summated 
oxyfren  consumption  of  several  different  organ  ti.ssues  (11,  12).  Our  results 
in  Tal)le  1  show  that  3',5'“fliiwethyl-8,o-diiodothyropropionic  acid  (Me-dh;.) 
was  slightly  more  active  than  its  tetraiodinated  analogue,  Tetraprop.  Ke- 
jdacement  of  iodines  by  methyl  groups  at  the  R',o'-positions  increased 
'Fetraprop  activity  by  80.2%  in  the  BMH  experiments  and  lo.4%  in  the 
ti.s.sue  runs.  This  is  not  the  prominent  difference  obtained  with  amphiliia 
10,  18). 

The  di-  and  tetra-methylated  thyronines  could  be  tried  in  one  or  two 
animals  only,  and  the  data  on  whole  animal  BMH  and  tissue  metaliolism 
vere  obtained  from  the  same  animals  (Table  2).  8,o-l)iiodo-L-thyronine 
vas  only  partially  active  even  at  high  do.sage,  in  both  BMH  and  tissue 
xperiments.  With  addition  of  methyl  groups  at  8',5'-positions  to  produce 

■  ',o'-dimethyl-8,.5-diiodo-DL-thyronine  (Me2T2),  the  compound  became 

■  iistinctly  activated  although  there  was  considerable  disparity  lietween  the 
<  tfects  on  BMH  and  tis.sue  metabolism,  17%  and  71%  respectively.  The 

riated  muscle,  as  here  represented  by  diaphragm,  showed  a  much  lower 
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Table  1.  Kffects  of  :V,5',8,5-tetraioi)<»thyroproi>iomc  acii>  (tetrai’ror)  and 
:V,5'-I)Imethyl-:1,5-i)iioi)othyroi>roi>iomc  aciu  (Mc^Pro)  o.\  li.MH  and  tisste 

METABOLISM  OF  TH YROIDECTOMIZEI)  RATS 


%  ctiang(‘  from 

controls 

Tetraproj) 

Med’r.. 

7.74‘ 

7.74' 

H.MH 

+  22.1 

+ao.  1 

(4  rats  groii))) 

100% 

ia(i.2% 

Tissue  nu'tabfilism 

(0  rats  group) 

1  )i;iphragm 

+2:5.  a 

+2.5.0 

Liver 

+ai  .a 

+ao.8 

Kidiiev 

+  17.8 

+ai  .4 

Salivar\-  (ilaiiil 

+  2'.».4 

+a4.8 

Pancreas 

+ao.  1 

+20.1 

Heart 

+a8.ti 

+47.8 

Skeletal  Muscle 

+  1.5.'.) 

+20.0 

Averages 

+  27.0 

+a2.2 

100% 

115.4% 

'  Dosage  as  micromoles  kg.  day  injected 

subcutaneously. 

metabolic  response  tlian  tlie  cardiac  muscle  to  most  of  the  thyroxine-like 
compounds.  In  actual  percentage  of  body  weight,  the  total  bulk  of  striated 
muscle  is  about  o0%  and  that  of  heart  only  0.4%  (14).  Therefore,  if  cor¬ 
rected  for  actual  weight  in  the  total  animal,  the  summated  tissue  response 
to  Me2T2  was  probably  closer  to  45%  than  71%  as  active  as  L-thyroxine. 
Since  the  i)L-form  of  Me^T  is  being  compared  to  L-T^,  the  above  activities 
might  become  twice  as  high.  For  the  present,  we  prefer  to  use  the  lower 
values. 

:V,5  cb'^-Tpti"iniPll>.vl-i)i--thyronine  was  unexpectedly  found  to  possess 
very  little  thyroxine-like  activity.  As  shown  in  Table  2,  it  was  first  tried 
unsuccessfully  at  1.20  /xM./kg.  lAen  at  a  dosage  of  7.74  gM.  kg.,  BMH 


Table  2.  ('omparisdx  of  metaboi.ic  effects  of  L-tiiyroxine  ('IM,  a,5-i)iioi)o-i.- 

TIIYRO.MNE  (a.-i-Tj),  H',.5'-l)IMETIIYL-a,.5-DIIODO-I)L-TIIYROXI.\E  (M02T2)  AND 
.a',5',H,5-TETRAMETMYL-DL-TIIYRONINE  (.M(‘iT) 


('ompound 

T4 

a,.5-'r.. 

Me.T.. 

M<‘4T 

1 )ose* 

o.a2 

1 .20 

2.5.8 

2.. 58 

1  .20 

7.7^1 

No.  of  animals 

2 

0 

2 

1 

4 

1 

H.MH 

%  change 

+  14. a  i 

+  a.o 

+  10.0 

+  4.0 

+  10. a 

%  T,  effect 

100 

0= 

17. a 

02 

02 

Tissue  metabolism, 

%  change  from  control 

dia|)hragm 

+  10.8 

+  10.4 

+  15.0 

-14.0 

+  10.0 

liver 

+at>.7 

+  14.0 

+.50.8 

+  a. a 

+  4.0 

kidiu'y 

+a5.o 

+20.0 

+ ao .  .5 

+  1.7 

-  4.0 

.saliv.  gl. 

+a2.o 

+  25.4 

+a2.i 

—  0.5 

heart 

+a8.o 

+  10.8 

+87.0 

-  0.0 

+  11.0 

.Vverage 

+a2.8 

+20.0 

+40.  a 

-  4.7 

+  a.  2 

%  'r,  I'ffei't 

100 

a.o 

70.0 

t»2 

1)2 

.\11  doses  cxiiressed  as  micro  moles  compound  injected  subcutaneously /kg. /daj-. 
.\ny  metabolic  change  of  10%  or  less  is  arbitrarily  considered  zero. 
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TaBI.K  :1.  ('n.MI’AKISON  OK  METABOI.U'  EKKEt’TS  OK  l.-TM YKOXl.NE  (Ti),  H',:i,5-L-TK1I0I)0- 
TllYRONINE  (Tj),  AXI)  :V-.METIIYI.-I},5-I)II0I)0-L-TH YROMXE  (MoTj)  IX  THYROID- 
E('TOMIZEI)  RATS 


Reference  Compound: 

1 

4 

1 

.i 

1  lose' 

0 

.1)5 

0 

.la 

\o.  of  animals 

2 

a 

H.MR  %  elianfse 

4“  4(i 

.5 

+  41» 

.  5 

Dose  of  MeT-i* 

0.  la 

0.2() 

0.  la 

0.2(1 

Xo.  of  animals 

() 

t> 

d 

(1 

H.M H  %  change 

+24.7 

+a7.o 

+24.7 

+a7.o 

%  reference  c])d 

2(ir).(i 

11(8.  a 

411.!) 

a7 . 4 

'  All  (loses  expressed  ;is  inieroinoles/kn./ diiy  injected  suheutaiieously. 


and  tissue  oxygen  consumption  of  the  animals  slnnved  essentially  no  differ¬ 
ence  from  control  values. 

From  Table  d,  it  can  he  seen  that  O.ld  and  0.2t)  closes  of  2'-methyl- 
:h>')-diiodo-L-thyronine  (MeTo)  produced  marked  increases  in  BMK.  Cal¬ 
culated  out,  MeTj  was  over  twice  as  active  as  T4.  ('omparison  with  Ts  is 
more  valid,  and  on  this  basis  the  two  doses  of  MeT-.  were  oO  and  d7%,  re¬ 
spectively,  as  potent  as  T3. 

DISCUSSION* 

Studies  of  thyroxine  analogues  in  recent  years  have  done  much  to  eluci¬ 
date  the  relationship  between  molecular  structure  and  biologic  specificity 
{.),  15),  yet  no  one  hypothesis  has  stood  all  tests.  In  1051  Lipmann  and 
Dutoit  postulated  that  thyroxine-like  activity  of  the  thyronine  molecule 
was  enhanced  by  substitution  of  an  electron-withdrawing  group  such  as 
nitro  (1(5).  Studies  on  halogen  analogues  of  thyroxine  already  showed  that 
this  hypothesis  was  not  correct  (l-R),  since  iodine  was  the  weakest  electron 
withdrawer.  Niemann  (17)  had  earlier  presented  the  hypothesis  that  thy¬ 
roxine  could  function  as  an  electron  donor,  going  over  to  a  (piinonoid  form. 
However,  no  oxidation-reduction  systems  have  ever  been  found  to  incorpo¬ 
rate  thyroxine  as  carrier.  Lissitzky  (17)  has  shown  convincingly  that  poly- 
phenols  and  (luinones  can  be  produced  from  thyroxine,  but  these  apparently 
are  irreversible  steps  in  oxidative  degradation. 

Table  4  summarizes  our  results  with  all  thyroxine-like  compounds  re¬ 
ported  here.  It  is  apparent  that  iodines  in  positions  d  and  5  in  combination 
with  one  R'-methyl  or  two  ;V,5'-methyls  impart  a  considerable  amount  of 


TaBI.E  4.  Si  MMARY  OK  METABOLIC  ACTIVITIES  OK  KIVE  METIIYL- 
SCBSTITCTEl)  TIIYROXIX’E-LIKE  COMKOCXDS 


.\nalogue 

Reference  | 

H.MR'  I 

Tissue'  1 

.\veraKe 

.MeoPr.. 

Pr4 

lao 

115 

12(1 

.Me/IN 

T, 

17 

71 

44 

MeT.. 

T, 

2a2 

(2a2) 

-MeTj 

1  3 

44 

— 

(44) 

a,5-T. 

T, 

!  0 

a 

2 

.Me,!' 

i  T, 

0 

0 

0 

'  Calculated  as  %  of  reference  activity  from  results  in  Tallies  1,  2  and  a. 
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nietaholism-stimulatinp;  power  to  the  tliyronine  molecule.  As  has  been  dem¬ 
onstrated  many  times  before  ( 1.5),  the  :bo-iodines  alone  are  inadecpiate.  On 
the  other  hand,  our  experiment  indicates  that  the  iodine-replacinp;  action  of 
methyls  at  IV  and  o'  does  not  extend  to  positions  A  and  o.  These  results 
a^ree  well  with  those  reported  by  Hruice  et  al.  (o)  for  amphibia-tested  com¬ 
pounds  carrying  alanine  or  amine  side-chains. 

These  observations  shed  some  light  on  the  specific  contributions  of  the 
“inner”  benzene  ring  towards  biological  activity  of  thyroxine.  Size  alone  of 
the  .‘l,o-substituents  cannot  be  limiting  because  the  methyl  group  is  nearly 
the  same  as  the  iodine.  On  the  other  hand,  the  iodo  group  is  electron-at¬ 
tracting  and  exhibits  a  high  degree  of  hydrogen-bonding,  both  character¬ 
istics  in  contrast  to  the  methyl  (o).  The  two  iodines  at  :i,o,  together  with 
the  ionizable  side-chain,  may  be  involved  in  some  specific  type  of  bonding 
with  protein  in  the  cell,  a  function  which  either  one  iodine  alone  or  two 
methyls  cannot  perform.  Since  either  iodine  (electron-withdrawing,  hydro¬ 
gen-bonding)  or  methyl  (electron-releasing,  no  hydrogen-bonding)  substi¬ 
tution  at  3'  or  3'  and  o'  can  be  effective,  it  is  doubtful  that  electronic  effects 
or  hydrogen-bonding  coidd  be  critical  for  the  net  contribution  of  the  outer 
ring.  These  differences  suggest  that  the  function  of  substitutions  on  the  two 
rings  cannot  be  considered  (pialitatively  similar. 

REFERENCES 

1.  I-Kiu.<)Xi).  ('.  P.  AND  H.  (Ikad;  ./.  Pharmnvol.  it  Exp.  Tlicr.  94:  125.  1U4S. 

2.  Lkhmax,  .1.  AND  ('.  R.  Hahingtox:  J.  Clin.  Endocrinol.  9:  1099.  1949. 

.4.  .Mussktt,  M.  V.  AND  R.  Pitt-Rivkks;  .Metaholisni  6:  IS.  19.57. 

4.  Dutoit.  ('.  H.:  In  “Phospliorus  Metabolism.”  Vol.  2.  ed.  MeKlroy.  \V.  1).  and  B. 
(Hass,  .Johns  Hopkins  Press,  Baltimore.  Md.;  1952,  p.  597. 

5.  Bruick,  T.  (’.,  N.  KiiAKAsrn  and  R.  .1.  Winzlkk:  .\rcli.  liiocliem.  it  liiopltys.  62: 
405.  19.50. 

0.  Watts,  I).  T.  and  D.  R.  H.  (Iouklky:  Croc.  Soc.  Exper.  liiol.  it  .1/rd.  84:  .5S5.  19.54. 
7.  Bakkkk,  S.  B.:  Proc.  Soc.  Exper.  Biol,  it  Med.  72:  19S.  1949. 

S.  rMURKiT,  W.  W.,  R.  11.  Bcrhis  and  .1.  F.  Staukfkh:  Monomctric  Teclini<iues;  4rd 
ed..  Burgess  Pnhlishinn  Co.,  .Minneaixilis,  Minn.  (19.57). 

9.  Rkmahdsox.  H.  B.,  K.  Shorr  and  R.  O.  Lokbkl:  J .  Biol.  Client.  86:  .551  (1940). 

10.  Bruick,  T.  ('.,  R.  J.  Winzkkr  and  N.  Kharascii:  J.  Biol.  Clicin.  210:  1.  19.54. 

11.  Stasili.i,  N.  R.,  R.  L.  Kroc  and  R.  1.  Mkltzkr:  Endocrinology  64  :  02.  19.59. 

12.  Hill.  S.  R.,  .Jr.,  S.  B.  Barkkr.  .J.  H.  McNkil.  .J.  O.  Tinglky  and  L.  L.  Hibrktt. 
J.  Clin.  Invest.  39:  .524.  1900. 

14.  Roth,  P.  .J.:  .\nn.  d' Endocrinol.  19:  11.57.  19.5S. 

14.  Donaldson.  H.  H.:  The  Rot;  2nd  ed.,  ehajiters  4,  7.  Wistar  Inst,  of  .Vnat.  and  Biol. 
Philadcdphia,  Pa..  1924. 

15.  Sklknkow,  H.  AND  S.  P.  Aspkr,  .Jr.:  Physiological  Reviews  35:  420,  19.55. 

10.  Lipmann,  F.  and  (’.  H.  Dutoit:  Science  113:  474.  1951. 

17.  Nikmann,  ('.  AND  C.  F.  Rkdmann:  J.  .\m.  Chem.  Soc.  63:  1.549.  1941. 

IS.  Lissitzky,  S.  and  S.  Bouchilloux:  Bull.  Soc.  Chim.  Biol.  39:  1215.  1957. 

19.  Biklig,  H.  S.  and  (1.  Lutzkl:  .Doi.  Client.  608:  140.  1957. 


THYROID  FUNCTION  IN  THE  RAT  DURINCl 
PRKGNANCT  AND  LACTATION^ 

SHI  HO  HNCP  AND  MONTH  A.  (IHKEH 

DiviKion  of  Endovriuology,  Di  partnieut  of  Medicine,  I  'niversity  of  Oregon 
Medic(d  School,  Portland,  Oregon 

AHSTRACT 

1)  Pri'tiiiaiit  rats  wen*  fial  0.15%  jjropyltliiouracil  (I’  l'T)  from  tho  lOtli  to 
tlu'  lOtli  <lay  of  pri'nnancy  ami  1,  2,  4  or  o  mK-  1 4  wore  injoctt'd  daily  durin}!; 

this  tiim*.  Tlu*  rcsrossion  sIojk's  of  tlu*  tliyroid  wcifflits  wort*  similar  to  those  of 
tho  corrospondin^C  controls  oxoo|)t  that  2  jug.  Tj  produced  less  decrease  iu 
thyroid  size  in  pn-gnant  than  in  non-pregnant  rats.  2)  Pregnant  rats  were  fed  a 
low-iodine  diet  from  the  10th  to  the  19th  day  of  pregnancy  and  doses  of  T4  wc're 
administered  during  this  interval  as  in  1).  The  regression  slopes  of  the  thyroidal 
P^*  uptake  of  tlu*  prc'gnant  and  non-pregnant  rats  were  identical  but  uptakes 
were  consistently  slightly  lower  at  each  point  for  the  i)regnant  rats.  .3)  Follow¬ 
ing  .seven  days  of  low-iodine  diet,  thyroidal  P*‘  uptakes  were  determined  at  one 
to  two  day  intervals  from  the  Sth  day  of  gestation  to  the  29th  day  of  lacta¬ 
tion.  Uptakes  were  not  statistically  different  from  the  controls  until  the  20th 
day  of  pregnancy  when  a  marked  drop  of  appro.ximately  50%  occurred  which 
persisted  throughout  lactation.  'I'his  decrease  was  correlated  with  a  concomi¬ 
tant  sudden  rise  in  iodine  uptake  by  the  mammary  glands.  The  high  ui)takei)y 
the  mammary  glands  persisted  throughout  lactation  and  always  (‘xceeded  that 
of  the  thyroid.  Fetal  thyroid  uptake  was  negligible  until  the  20th  day  of  preg¬ 
nancy  and  then  was  only  I  that  of  the  mother.  There  was  no  consistent  change 
in  thyroid  weight. 

These  results  indicate  that  there  is  not  a  significanth'  increased  demand  for 
thyroid  hormone  during  i)regnancy  in  the  rat.  However,  the  marked  deert'ase 
in  radioiodine  uptake  by  the  thyroid  during  lactation  seems  related  to  the  suc¬ 
cessful  compc'tition  of  the  mammary  glands  for  iodine  during  this  time. 

IT  I  LAS  long;  been  lield  that  goiter  commonly  appears  in  pregnant  women 
(1,  2,  3),  although  some  clinicians  have  noted  that  thyroid  enlargement 
arises  after  delivery  rather  than  during  gestation  (4).  Although  an  eleva¬ 
tion  in  plasma  protein-hound  iodine  (PBI)  (o,  (>,  7)  and  in  plasma  thy¬ 
roxine-binding  capacity  (S,  P)  has  been  found  in  pregnancy  and  although 
tliere  have  been  .scattered  reports  of  increased  radioiodine  uptake  by  the 
human  thyroid  during  pregnancy  (10,  11,  12,  18),  comprehensive  studies 
of  thyroid  function  during  gestation  and  lactation  have  not  been  made.  It 
!  as  been  generally  a.ssumed  that  the  increased  thyroid  .size  in  pregnancy  is 
milar  to  that  seen  during  puberty,  both  being  reflections  of  the  increased 
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need  for  tliyroid  lionnone  during  these  periods  of  aeeelerated  physiolopc 
activity.  This  liypotlietical  increased  need  for  thyroid  hormone  lias  never 
been  experimentally  demonstrated  however. 

We  considered  it  of  interest  to  study  this  problem  in  some  detail  and 
therefore  compared  the  following  parameters  of  thyroid  function  in  preg¬ 
nant  and  nonpregnant  rats:  (1)  the  amount  of  thyroxine  recpiired  to  pre¬ 
vent  goiter  produced  by  chronic  propylthiouracil  (PTU)  treatment;  (2) 
the  amount  of  thyroxine  necessary  to  suppress  thyroidal  radioiodine  up¬ 
take.  In  adilition,  uptake  and  thyroid  size  were  serially  measured  dur¬ 
ing  pregnancy  and  lactation  in  a  fairly  large  series  of  animals. 

M.\TERIALS  AND  METHODS 

.Approximately  300  young,  adult,  i)regnant  Holtzmau  rats  and  their  non-jiregnant 
controls  were  utilized.  Pregnancy  was  timed  from  detection  of  sperm  on  <laily  vaginal 
smear.  To  obtain  an  estimate  of  the  amount  of  thyroxine  retiuired  to  prevent  goitro- 
genesis,  a  portion  of  the  animals  was  divided  into  five  groups.  These  were  fed  0.159c 
PTT  from  the  10th  to  the  19th  day  of  iiregnaney  and  0,  2,  3,  4  or  5  /eg.  of  thyroxine  were 
injected  daily  during  this  period.  On  the  20th  day  of  pregnancy,  they  were  killed  and 
their  thyroid  glands  were  dissected  and  weighed.  This  experiment  was  repeated  with 
0,  1.  2  and  3  /ig.  of  thyroxine  to  extend  the  results  of  the  first  experiment. 

To  determine  the  amount  of  thyroxine  required  to  depress  radioiodine  uptake,  another 
batch  of  rats  was  divided  into  six  groups  and  injected  with  graded  doses  (0,  1,  2,  3,  4 
or  5  /ag.)  of  thyroxine  from  the  10th  through  the  19th  day  of  gestation.  A  low  iodine 
diet  was  fed  for  seven  days  before  radioiodine  administration  on  the  20th  day  of  gesta¬ 
tion.  .Animals  were  killed  four  hours  after  the  intraperitoneal  injection  of  0.1  /aC.  of  l‘“*. 
and  the  thjroid  glands  dissected  and  weighed.  Thyroidal  radioactivity  was  determined 
with  a  well-type  scintillation  counter. 

To  detect  any  change  in  radioiodine  uptake  and  thyroid  size  during  prc'gnancy  ami 
lactation,  four-hour  uptake  and  thyroid  weight  were  measured  at  one  to  two  <la.\ 
intervals  from  the  Sth  day  of  gestation  to  the  29th  day  of  lactation.  .At  the  same  time 
the  radioiodine  uptakes  by  the  fetal  or  suckling  thyroids  and,  in  some  instances,  by  tin 
mammary  glands  were  determint'd.  The  number  and  weight  of  the  fetuses  in  each  litter 
were  determined.  Litter  sizt*  was  reduced  to  .six  immediately  after  delivery.  In  some  ca.st  s 
litter  size  was  subsequently  further  reduced  by  death  or  infanticide.  Suckling  was  con¬ 
tinued  until  autopsy.  P*‘  content  of  the  mammary  glands  was  determined  by  carefullv 
dissecting  all  mammary  tissue  and  counting  it  in  a  well-type  scintillation  counter. 
.Again,  all  animals  were  fed  a  low  iodine  diet  for  seven  days  before  radioiodine  stuilit  -. 

RESULTS 

The  amounl  of  Ihijroxiiic  required  to  prevent  goiter  produeed  by  ehronie  FT’’ 
treatment 

The  rejrression  .slope  of  the  thyroid  weights  of  the  pregnant  rats  was  sin  - 
lar  to  that  of  the  corresponding  controls  except  that  2  jug.  of  thyroxine  pr  >- 
duced  less  decrease  of  thyroid  size  in  the  pregnant  than  in  the  non-pregna  t 
rats  (Fig.  1).  Minimum  thyroid  weight  was  reached  with  4  /xg.  of  thyroxi  e 
daily  v  ith  both  the  pregnant  and  non-pregnant  groups.  Since  only  tv  o 
pregnant  animals  were  available  for  the  2  /xg-  thyroxine  group,  the  sai  e 
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Fig.  1.  Effect  of  tliyroxinc  on  tliyroid  \vci»;lit  in  PTI'-fcd  prcfunant  rats  (First  cxjM'ri- 
incnt).  Animals  fed  0.15%  propyltliionraeil  for  10  days  (pregnant  ,>ironp  10th  tlironjih 
lOili  day  of  fjestation,  antojisied  on  tlie  11th  day.  liaeli  iioint  and  vmtieal  line  reini'- 
sents  the  mean  and  standard  mror  of  0  to  10  animals,  ('xi'ept  that  only  2  animals  are 
inelnded  in  the  2  n%.  prejinant  ni'Gup.  Indieati'd  dose  of  thyroxine  injected  daily. 


experiment  was  repeated  witli  lower  doses  (O-d  /iS.)  of  tliyroxine.  As  can  he 
seen  in  Figure  2,  2  juf?  tliyroxine  indueed  less  regre.ssion  of  thyroid  size  in  the 
pregnant  group  than  was  observed  in  the  non-pregnant  one. 

The  amount  of  thyroxine  ueccssonj  to  suppress  thyroidal  rodioiodine  uptake 

The  regre.ssion  slopes  of  the  radioiodine  uptakes  of  the  pregnant  and 
non-pregnant  rats  treated  with  graded  doses  of  thyroxine  were  identical, 
hut  the  uptake  values  were  consistently  slightly  lower  at  each  point  in  the 
pregnant  rats  (Fig.  8). 

''Images  in  uptake  and  thyroid  size  during  pregnaney  and  Jaetation 

Uptakes  were  not  statistically  different  from  the  controls  (average  22% 
'f  dose)  until  the  20th  day  of  pregnancy,  when  there  was  a  sudden  marked 
Irop  of  approximately  ‘)0%.  This  decreased  uptake  persisted  throughout 
ictation  (Fig.  4).  Fetal  thyroidal  uptake  was  negligible  until  the  20th  day 
f  pregnancy  and  then  only  reached  25%  of  that  of  the  mother.  Suckling 
iptakes  were  always  very  low.  There  was  no  consistent  change  in  thyroid 
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Fig.  4.  Tliyroidal  I*'*'  uptake  during  preffiianey  and  lactation.  All  animals  fed  low- 
iodine  diet  for  7  days  before  autopsy.  Titter  uptakes  are  the  sum  of  all  fetuses  or  suck- 
liiiKJ^. 


weiglit  tliroufjihout  the  experimental  period  (Fig.  o).  No  eorrelation  was 
found  between  any  of  the  parameters  measured  and  tlie  size  or  weight  of 
the  litter. 

It  is  of  considerable  interest  that  the  lactating  mammary  glands  con¬ 
tained  more  radioiodine  at  4  hours  than  did  the  thyroid  gland  (Table  1).  In 
one  rat  (No.  92),  who  devoured  her  pups  shortly  after  delivery,  a  4-hour 
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10  12  13  14  16 

Doy  of  gestation 


18  20 


4  7  10  13 

Day  of  lactation 


20 


•'iG.  5.  Thyroid  wci>?ht  during  pregnancy  and  lactation.  .Absolute  tlo  roid  weight  is  used 
to  avoid  errors  in  relative  thyroid  weight  due  to  varying  mass  of  fetuses. 
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Table  1.  4  noi  r  radioioui.ne  i  ptake  by  thyroid  and 

MAMMARY  CLANDS  DI  RINO  LACTATION 


Rat 

1 

I  )a,\  s 

postpartum 

No.  ill 
litter 

I’ereentane  <>f  adiniiiisten'd  dose 

Maternal  Mammary  Litter 

thyroid  ('lands  thyroids 

25 

7 

8 

12.4 

12.0 

0.04 

411 

>  >0 

0 

0.8 

14.7 

0.08 

85 

18 

5 

0.0 

84.0 

0.18 

8t> 

18 

8 

7 .  () 

88 . 7 

0.20 

74 

20 

5 

0.0 

21  .2 

0.00 

27 

20 

0 

14.5 

1 5 . 0 

0.10 

!»2 

4*  1 

1) 

20 . 1 

0.02 

— 

*  This  rat  devoured  her  offspring  shortly  after  delivery. 


radioiodiiie  uptake  on  the  4th  postpartum  day  was  2()%  in  the  thyroid  Imt 
less  tlian  1%  in  tlie  mammary  glands.  Conversely,  in  one  mother  (Xo.  27) 
who  was  allowed  to  continue  with  her  litter  in  the  .same  cage  eight  days  be¬ 
yond  the  normal  weaning  period,  thyroidal  uptake  was  14. o%  while  mam¬ 
mary  gland  uptake  was  lo.()%.  This  persistence  of  high  radioiodine  uptake 
by  the  mammary  glands  occurred  in  spite  of  the  fact  that  the  litter  was 
eating  solid  food  during  much  of  this  time,  although  nursing  intermittently. 

DISCUSSION 

Exogenous  thyroxine  depresses  thyroid  activity  chiefly  by  inhibiting  the 
secretion  of  thyrotropin  by  the  pituitary.  It  is  generally  accepted  that  the 
amount  of  thyroid  hormone  required  to  prevent  thyroid  enlargement  pro¬ 
duced  by  chronic  antithyroid  drug  administration  or  to  inhibit  radioiodine 
uptake  is  proportional  to  metabolic  demands  for  thyroid  hormone  by  the 
animal.  During  periods  of  increased  need,  .such  as  expo.sure  to  a  cold  envi¬ 
ronment  (42),  larger  amounts  are  necessary  to  decrease  thyrotropin  secre¬ 
tion.  It  is  assumed  that  the  {juantity  of  exogenous  thyroxine  reipiired  to 
prevent  PTE-induced  goitrogenesis  or  to  depre.ss  radioiodine  uptake  to  the 
hypophy.sectomy  level  is  approximately  eipiivalent  to  the  endogenous  se¬ 
cretion  of  thyroid  hormone. 

The  present  results  indicate  that  there  is  no  increased  utilization  of  thy¬ 
roid  hormone  during  pregnancy  in  the  rat  since  the  amount  of  thyroxine 
reipiired  to  prevent  PTE-induced  goiter  or  to  depress  radioiodine  uptake 
was  approximately  equal  in  both  pregnant  and  non-pregnant  rats.  Ma¬ 
ternal  radioiodine  uptake  also  did  not  change  during  the  period  of  gesta¬ 
tion  until  the  last  day  before  parturition,  while  thyroid  weight  remained 
relatively  constant  throughout  the  experimental  period. 

Wiiy  2  jug.  of  thyroxine  produced  less  decrease  of  thyroid  size  in  pregnani 
than  non-pregnant  PTE-treated  rats  is  not  clear  at  present.  However,  it 
seems  unlikely  that  it  was  due  to  any  physiologic  alteration  in  the  pregnant 
animals  since  the  thyroid  weight  regression  slopes  were  otherwise  similar  in 
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the  pregnant  and  control  groups.  Although  this  diR’erence  is  statistically 
significant  (P  =  0.01),  it  is  likely  that  it  is  more  accidental  than  real. 

The  fetal  thyroid  did  not  appear  to  accumulate  appreciable  amounts  of 
I''*'  until  just  before  delivery.  This  Avould  coincide  with  the  finding  by 
Clorbman  and  hivans  (14)  that  the  fetal  thyroid  in  the  rat  begins  to  accu¬ 
mulate  iodine  about  the  H)th  day  of  intrauterine  life. 

The  marked  decrease  in  maternal  thyroidal  radioiodine  uptake  which 
began  on  the  2()th  day  of  pregnancy  almost  certainly  was  correlated  with 
the  concomitant  sudden  rise  in  iodine  uptake  by  the  mammary  glands. 
This  high  uptake  persisted  throughout  lactation  and  always  exceeded  that 
of  the  thyroid. 

It  has  been  observed  previously  that  injected  radioiodine  is  secreted  into 
the  milk  in  man  (lo,  10,  17)  and  in  animals  (IS,  19,  20),  and,  in  conse- 
(juence,  the  uptake  by  the  thyroid  gland  is  decreased  (19).  Brown- 
(Jrant  studied  this  problem  further  in  the  rabbit  and  observed  a  rapid  fall 
in  uptake  after  delivery  and  an  accelerated  thyroid  secretion  during  the 
last  week  of  gestation  and  during  lactation  (20).  Our  finding  in  the  rat  is 
therefore  in  good  agreement  with  Brown-Orant’s  ol)servation.  As  briefly 
mentioned  by  Potter  ct  al.  (21),  it  seems  reasonable  that  with  the  sudden 
competition  for  iodine  by  the  mammary  glands,  particularly  if  borderline 
iodine  deficiency  exists,  increased  thyroid  activity  will  be  re(iuired  to  pre¬ 
serve  normal  levels  of  thyroid  hormone.  This  would  thus  explain  why  so 
fre(iuently  women  notice  thyroid  enlargement  following  delivery  and  dur¬ 
ing  the  period  of  nursing  rather  than  during  pregnancy  and  why  the  ap¬ 
parent  rate  of  thyroidal  secretion  increased  during  this  period  (20). 

Home  investigators  have  found  that  !*•”  uptake  by  the  thyroid  gland  in 
man  is  higher  throughout  pregnancy  (1.4)  or  in  late  pregnancy  (11)  and  re¬ 
turns  to  normal  after  delivery  (14).  Pochin  (10)  studied  the  same  problem 
and  obtained  similar  but  somewhat  different  results,  indicating  that  the 
neck; thigh  ratio  is  prol)ably  increased  above  normal  during  pregnancy, 
and  decreased  below  normal  soon  after  delivery.  However,  there  was  not  a 
high  degree  of  statistical  difference  (P  =  0.04)  in  comparison  of  this  ratio 
<luring  pregnancy  with  that  of  normal  controls,  whereas  the  fall  after  de¬ 
livery  relative  to  the  values  during  pregnancy  was  of  considerably  higher 
significance  (P  =  0.002).  As  to  the  fall  in  the  thyroidal  P'*'  uptake  after  de¬ 
livery,  neither  of  these  investigators  paid  much  attention  to  the  role  of  the 
mammary  gland  in  this  stage.  hixtrai)olating  from  the  results  of  our  study 
)o  another  species,  thyroidal  P*'  uptake  might  not  actually  increase  during 
luman  pregnancy.  It  is  possible  that  the  relatively  high  thyroidal  uptake 
ibserved  during  human  pregnancy  may  have  seemed  absolutely  high  only 
vhen  compared  to  the  low  uptake  following  delivery.  The  low  thyroidal 
•ostpartum  uptake  may  have  been  due  to  an  increased  accumulation  of 
by  the  mammary  glands. 

The  physiologic  significance  of  iodine  concentration  by  the  mammary 
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f^land  is  not  known.  Some  of  the  radioiodine  accumulated  by  tlie  mammary 
gland  has  been  suggested  (19)  or  proved  to  be  protein-bound  (22,  23). 
Various  investigators  have  .since  found  that  the  major  components  are 
iodide  and  monoiodotyrosine  (21,  24)  and  a  small  amount  of  protein- 
bound  in  the  form  of  diiodotyrosine  (21).  In  some  instances,  a  thy¬ 
roxine-like  substance  has  been  found  (24),  but  it  is  not  believed  that  thy¬ 
roxine  is  formed  in  the  mammary  gland  it.self. 

The  iodine  is  secreted  into  the  milk  and  thus  made  available  to  the 
suckling.  One  usually  thinks  of  milk  secretion  as  occurring  at  or  shortly 
following  parturition,  but  there  is  evidence  of  secretory  activity  during  the 
second  half  of  pregnancy  (25,  2(5).  For  instance,  Jeffers  (27)  found  that  the 
mammary  alveoli  of  the  rat  suddenly  became  distended  with  secretion  on 
the  20th  day  of  pregnancy.  This  would  correlate  well  with  our  finding  that 
the  thyroidal  radioiodine  uptake  drops  on  the  20th  day. 

In  the  experiment  in  which  graded  doses  of  thyroxine  were  used  to  .sup¬ 
press  radioiodine  uptake,  it  was  found  that  the  thyroidal  uptakes  of  the 
pregnant  rats  were  slightly  lower  at  each  point  than  those  of  the  non-preg¬ 
nant  animals.  This  might  be  explained  by  beginning  iodide  accumulation 
of  the  mammary  glaiuls  in  the  pregnant  animals,  .since  the.se  studies  were 
completed  on  the  20th  day  of  gestation. 

It  is  well  known  there  is  a  marked  increase  in  estrogen  and  progesterone 
levels  during  pregnancy  (28).  In  man,  it  has  been  shown  that  increased 
estrogen  will  cause  a  significant  rise  in  the  level  of  protein-bound  iodine 
(29,  30)  and  it  has  been  inferred  that  thyroid  function  is  concomitantly  in¬ 
creased.  Some  investigators  have  found  in  the  rat  that  thyroidal  uptake  of 
I*®'  (31,  32)  and  the  thyroid: .serum  radioiodine  concentration  ratio  (33)  are 
increased  during  estrus  and  that  administration  of  estrogen  (32,  34,  35)  will 
increase  thyroidal  F'’*  uptake.  However,  estrogen  administration  in  our 
laboratory  (3())  has  not  produced  any  consistent  change  in  thyroidal  radio¬ 
iodine  uptake.  Our  findings  are  thus  similar  to  those  of  Paschkis  ct  al.  (37) 
and  Dowling  ct  al.  (38).  The  rise  in  PHI  during  human  pregnancy  or  during 
estrogen  administration  may  be  due  solely  to  phy.sico-chemical  alteration 
of  the  thyroxine-binding  capacity  of  serum  protein  (39,  40,  41). 

Thus  there  does  not  seem  to  be  a  significantly  increa.sed  demand  for 
thyroid  hormone  during  pregnancy  in  the  rat.  However,  the  marked  de¬ 
crease  in  radioiodine  uptake  bv  the  thyroid  during  lactation  seems  related 
to  the  succes.sful  competition  of  the  mammary  glands  for  iodine  during  this 
time.  Thus  one  might  expect  that  thyroid  enlargement  in  the  mother  noted 
by  other  observers  during  the  period  of  nursing  is  related  to  relative  iodine 
deficiency  due  to  the  increased  loss  of  iodine  from  the  bocly  rather  than  t( 
any  specific  need  for  increased  thyroid  hormone. 

In  these  studies  no  thyroid  enlargement  was  .seen  during  lactation.  Il 
should  be  remembered,  however,  that  all  animals  were  on  a  low  iodine  diei 
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for  seven  days  before  autopsy  and  all  thyroid  weifjhts  were  approximately 
‘20-2o%  greater  than  those  of  rats  on  our  standard  laboratory  diet. 

A  cknou'lcdqmcnl 

\Vi‘  aiv  iii(lcl)t(Ml  to  Mrs.  Rarl)ani  Loomis  ami  Mrs.  Joanne  Whallon  for  valuable 
assistanee. 

REFERENCES 

1.  M.\hixk.  I).:  Phumil.  Rrr.  2:  .V21.  1922. 

2.  Musskv,  R.  1).:  .Iw.  ./.  Obst.  it  Gtjncc.  36:  .■)29.  lOJS. 

3.  Fhkkdhkkg,  1.  M.,  M.  W.  H.\moi.sky  and  A.  S.  Fkkkdukug:  .Vcir  England  J .  Med. 
256:  .W).  19r>7. 

4.  .Mahini;.  1).:  (Slandnlar  Fln/.dolagg  and  Tlurapii.  ed.  3.  Pliila(leli)liia,  J.  H.  Lippin- 
eott,  193.A,  p.  34.A. 

h.  Hkixkmaxx.  M.,  ('.  1'..  Johnson  and  F.  R.  Man:  ./.  Clin.  Invest.  27:  91.  I94S. 

6.  Danowski.  T.  S..  R.  (’.  (low,  F.  M.  .Matkkh.  W.  C.  F.vkkiiakt.  S.  V.  Johnston 
AND  J.  H.  (Ihkknman;  Froe.  Soe.  Exper.  liiol.  it  Med.  74:  323.  19.")0. 

7.  Dk.  Mowhuay,  R.  R.  and  .\.  Ticknkk:  Lancet  2:  .">1 1.  19.72. 

5.  Dowling.  J.  T..  N.  FuiaNKia.  and  S.  II.  Incjhah:  ./.  Clin.  Endoerined.  16:  2S().  Mfoti. 
9.  Rohhins.  j.  and  j.  II.  Xki.son:  ./.  Clin.  Invest.  37:  1.73.  19;7S. 

10.  PocMiN,  F.  F.:  Clin.  Sr.  11:  441.  19.72. 

11.  Nohlk.  M.  j.  1).  AND  S.  Rowlands:  ,/.  Ob.d.  it  Ggnaee.  Brit.  Enip.  60:  S92.  19.73. 

12.  Fkhhahis,  Cx.  M.  and  .V.  Scohta:  .Minerva  giner.  7:  3()S.  197.7. 

13.  Halnan.  K.  F.:  Clin.  Sr.  17:  2S1.  19.7S. 

14.  (lOKH.MAN.  .V.  AND  II.  M.  FvANs:  Endovrinologn  32:  113.  1943. 

1.7.  Nuknukhgku.  ('.  F.  and  A.  Lipscomh:  ./..I ..1/..1 .  150:  139S.  19.72. 

16.  lIoNouu.  .V.  J.,  N.  R.  Myant  and  F.  N.  Rowlands:  Clin.  Sr.  11:  447.  19.72. 

17.  .Millku,  H.  and  R.  S.  \Vi;i;t(  h:  Lanret  269:  1013.  197.7. 

bS.  CouKHiKU,  R.,  J.  Roi'iiK,  (1.  H.  Di.LToru,  M.  Makois,  R.  Miciikl  and  F.  Moukl: 
C.  R.  Soe.  Biol.  (Bar.)  143:  .799.  1949. 

19.  Rugh.  R.:  j.  Morpbol.  89:  323.  1971. 

20.  Rkown-( Ikant,  K.:,/.  Rligsiol.  131:  70.  19.76. 

21.  Pottku,  (L  I).,  \V.  Tong  and  I.  L.  Chaikokk:  ./.  Biol.  Chein.  234:  3.70.  19.79. 

22.  VanMiddlkswokth.  L.,  A.  II.  Ti ttlk  and  .V.  Tiiuklkkld:  Seience  118:  749.  1973. 

23.  Rkown-(1uant.  K.:J.  Rligsiol.  135:  (>44.  19.77. 

24.  RuowN-duANT,  K.  AND  V.  .V.  (Ialton:  Bioehim.  et  biophgs.  avia  27:  422.  19.7S. 

27.  Vklakdo,  j.  '1'.:  The  Endoerinedogg  of  Reprodnrtion,  New  York,  Oxford  Fniversity 
Pre.ss,  19.78.  j).  222. 

26.  Linzkli.,  j.  L.:  Rligsiol.  Rev.  39:  734.  19.79. 

27.  .Ikkkkhs,  K.  R.:  .1///.  ./.  .\n<d.  56:  2.77.  1937. 

28.  Yknning,  IC.  IF:  .\in.  J.  Med.  19:  721.  19.77. 

29.  Fngsthom,  \V.  \V.,  R.  Makkahdt  and  .\.  Likhman:  Rror.  Soe.  Exper.  Biol,  it  Med. 
81:  .782.  19.72. 

!().  F.ngsthom,  W.  \V.  and  R.  .Makkahdt:  J .  Clin.  Endoerinol.  14:  217.  19.74. 

>1.  SoLiMAN,  F.  .\.  AND  F.  P.  Rkinkkk:  .Iw.  ./.  Rligsiol.  178:  89.  19.76. 

!2.  Fkldman,  j.  I).:  Endorrinologg  58:  327.  19.76. 

!3.  Roc'cauklla.  .Y  V.  and  R.  (J.  STUia.KK:  Endoerinedogg  66:  137.  1960. 

•4.  Monky,  \V.  L.,  L.  Kihschnku.  L.  Kkaintz,  P.  .Mkhhill  and  R.  \Y.  Rawson:  J. 

Clin.  Endoerinol.  10:  1282.  19.70. 

•7.  P’loksmkim,  \V.  IF;  .!/«.  J .  Rligsiol.  193:  408.  1958. 

6  Fnpublished  data. 


202 


UNO  AND  grp:i-:r 


Volume  68 


37.  Paschkis,  K.  K.,  a.  Cantakow  and  W.  C.  Pkacock:  Proc.  Soc.  Exper.  Biol,  it  Med. 
68: 485. 1948. 

38.  Dowling,  .1.  T.,  S.  H.  Ixghar  and  X.  Fkkinkkl:  J.  Clin.  Endocrinol.  19:  1245. 
19.59. 

39.  Dowling,  .1.  T..  X.  Frkinkkl  and  S.  H.  Inghar:  J.  Clin.  Endocrinol.  16:  1491. 
1 950. 

40.  Rohrins,  .1.  AND  J.  E.  Rall:  Recent  Progr.  Hormone  Ren.  13:  101.  19.57. 

41.  Engrring,  X.  IE  AND  \V.  W.  Engstrom:  J.  Clin.  Endocrinol.  19:  783.  1959. 

42.  Dkmpsky,  E.  \V.  and  E.  R.  .Vstwood:  Endocrinology  32:  .509.  1948. 


KFFrXTS  OF  HVPOTHALAMK'  LESIONS  ON  THE 
SECRETION  AND  STORAGE  OF  HYPOPHYSIAL 
LUTE  I N I Z I NG  H(  )R.MONE 

S.  TALEISNIK'  and  S.  M.  McCANN 

l)(  part  mint  of  Physiology,  School  of  Medicine  Vniversity  of  Pennsylvania, 

Ph  il  adel  ph  ia ,  Pe  n  n  sylra  n  ia- 

AliSTRACT 

Hy|)()th:ilaini('  lesions  in  tlie  median  enunenee  of  tlie  tuber  einereuin  i)ro- 
dueed  a  syndrome  of  eonstant  vasiiial  diestrus  ((’!)),  aeeomi)anied  by  atropine 
ovaries  and  uteri  and  a  siffiiiHeant  deerease  in  wei^bt  of  the  i)ars  distalis.  The 
ovaries  of  tlu'se  rats  wmv  eliaraeterized  by  failure  of  follieular  develoi)ment  and 
the  persistence  of  larfje  corpora  lutea.  Li'sions  in  tin*  rostral  hypothalamus,  on 
the  other  hand,  ])rodueed  a  syndrome  of  eonstant  vaffinal  estrus  (('K),  aeeom- 
l)anied  by  atrophic  ovaries,  and  enlargement  of  uteri  and  pars  distalis.  The 
ovaries  of  these  rats  were  filled  with  larf^e  follicles,  and  then*  was  a  scarcity  of 
corpora  lutea  or  their  remnants. 

Tsins  the  ovarian  ascorbic  acid  depletion  method,  LII  was  measured  in 
plasma  and  pars  distalis  before  and  after  ovariectomy  in  normal  rats  and  those 
with  hypothalamic  lesions.  Xo  detectable  LII  was  found  in  plasma  from  normal 
rats,  but  detectable  (piantities  of  the  hormone  were  found  one  to  Hi-weeks  post- 
ovarieetomy.  Hypothalamie  lesions  producing  Cl)  or  ('K  prevented  this  eleva¬ 
tion  of  plasma  LII  following  ovariectomy.  Pituitary  LII  content  was  di¬ 
minished  to  of  normal  in  rats  with  CK  but  was  only  15%  of  normal  in 
rats  with  (’1).  Ovariectomy  i)rodueed  a  ri.se  in  i)ituitary  LII  content  in  normal 
rats  and  those  with  ('K,  whereas  this  response  was  bloekc'd  in  rats  with  Cl). 

It  was  concluded  that  the  hyi)othalamus  exerts  a  regulatory  influence  over 
synthesis  and  secretion  of  hypo])hysial  LII. 

That  the  hypothalamu.s  exerts  a  regulatory  infliienee  over  the  secre¬ 
tion  of  gonadotrophins  by  the  pituitary  gland  is  supported  l)y  evidence 
obtained  with  various  experimental  approaches  in  a  variety  of  species  (1). 

Two  distinct  syndromes  related  to  gonadotrophin  secretion  can  l)e  pro¬ 
duced  in  adult  female  rats  by  hypothalamic  lesions.  In  one,  the  ovary  is 
characterized  by  failure  of  follicular  development  and  the  persistence  of 
functional  corpora  lutea,  while  the  vaginal  smear  is  continuously  of  the 
diestrous  type.  This  .syndrome  is  here  referred  to  as  Constant  Diestrus 
(CD)  and  is  produced  by  lesions  destroying  the  median  eminence  (2).  In 
tlie  second  .syndrome,  the  ovaries  contain  large,  often  cystic  follicles  with 
little  or  no  evidence  of  corpora  lutea,  indicating  a  failure  of  ovulation.  The 
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vaginal  !<niear  remains  in  the  estrous  phase  for  long  intervals  of  time.  This 
syndrome  is  designated  Constant  Estrus  (CK)  and  is  produced  hy  hypo¬ 
thalamic  lesions  in  a  variety  of  loci,  the  most  effective  area  lying  in  the 
suprachiasmatic  region  (3-7). 

Little  is  known  concerning  the  secretion  rate  of  hypophysial  gonado¬ 
trophins  in  these  two  syndromes.  The  Cl)  animal  secretes  luteotrophin 
(LTH)  as  evidenced  hy  positive  deciduoma  responses  and  lohuloalveolar 
development  of  the  mammae  (2).  Secretion  of  follicle  stimulating  hormone 
(FSH)  is  thought  to  be  low  since  follicular  development  is  held  in  abeyance 
(2).  Estrogen  secretion  appears  to  be  deficient  in  these  rats  as  well  (S); 
however,  virtually  nothing  can  be  inferred  about  the  secretion  rate  of  LH 
in  CD  rats  since  FSH  must  act  on  the  ovary  in  order  to  obtain  effects  .such 
as  estrogen  secretion  and  ovulation  from  luteinizing  hormone  (LH)  ad¬ 
ministration  ({)). 

The  CE  rat  is  obviously  secreting  .some  FSH  as  judged  by  the  develop¬ 
ment  of  large  follicles.  The  pre.sence  of  a  cornified  vaginal  smear  is  indica¬ 
tive  of  estrogen  secretion  which  cannot  occur  in  rats  in  the  absence  of  LH 
secretion  (9).  Consecpiently,  it  is  assumed  by  most  workers  that  this  type  of 
animal  secretes  at  least  .some  LH  but  cannot  release  sufficient  {piantities  to 
induce  ovulation. 

The  ovarian  ascorbic  acid  assay  for  LH  developed  by  Parlow  (10)  pro¬ 
vided  us  with  a  convenient  and  sen.sitive  tool  with  which  to  study  l)oth 
secretion  and  hypophy.sial  storage  of  LH  in  rats  with  hypothalamic  lesions 
a.s.sociated  with  either  CE  or  Cl).  A  preliminary  report  of  this  work  has  al¬ 
ready  appeared  (11). 


METHODS 

Prepfirotion  of  Assoy  Animals.  lA'iiialc  rats,  twenty-six  days  old,  of  the  Sherman 
strain  were  i)re-treat(‘d  with  gonadotroidiins  to  produee  heavily  luteinized,  enlarged 
ovaries.  To  aeeomidish  this  they  were  injeeted  initially  with  International  Units 
(I.r.)  of  i)refinant  mare’s  serum  gonadotrophiu*  suheutaneously  (s.c.)  and  fifty-six  hours 
later  with  ‘fO  I.U.  of  human  ehorionie  gonadotrophin  s.e.  Dve  to  seven  days  thereafter 
the  rats  were  used  for  assay  of  LH. 

Terlinv/uc  of  Assay  of  LH.  The  rats  were  anesthetized  with  ether  and  the  left  ovary 
was  removed.  Its  aseorhie  aeid  eoneentratiem  represented  the  eontrol,  ))re-assay  value 
The  test  solution  to  he  assayed  was  then  injeeted  intravenously  (l.V.)  during  a  i)eriod  of 
one  minute,  aiul  one  hour  later,  again  under  ether  anesthesia,  the  second  ovary  was  re¬ 
moved  and  anzlyzed  for  aseorhie  aeid  eoneentration.  .\seorhie  aeid  was  determined  hy : 
modifieation  of  the  method  of  Mindlin  and  Hulter  (12).  The  jM'reentagi*  (h'ph'tion  (de- 
erease)  in  eoneentration  of  aseorhie  aeid  in  the  seeond  gland  as  eompanal  to  the  firs' 
eonstituted  the  response. 

•Vssays  were  j)erformed  on  pars  distalis  of  the  hyimphysis  and  on  j)lasma.  The  par 
distalis  was  eolleet(“il,  weighed  on  a  torsion  halanee,  and  then  ground  with  a  stirrin 
rf)d  and  a  few  grains  of  sand  in  0.5  ml.  of  saline.  Pools  of  5-8  glands  were  diluted  to 

®  The  i)regnant  mare’s  serum  gonadotrophin  was  a  gift  from  Dr.  J.  IL  Jewell  of  Ayer^ 
Lahoratories,  22  East  40th  Street,  New  York  10,  N.  Y. 
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volume  of  1  ml.  jut  pituitary  and  (•(‘ntrifuf;ed.  Suitable  dilutions  of  the  supernatant  ex- 
traet  were  made  with  saline,  so  that  1  ml.  of  the  diluted  extraet  was  injeeted  into  eaeh 
assay  rat.  The  pituitaries  were  assayed  at  two  api)roi)riate  dose  levels  with  a  5-fold  eon- 
eentration  differenee  betweem  doses.  'I'wo  batehes  of  pituitaries,  one  from  ovarieetomized 
and  the  other  from  non-ovarieetomized  donors,  were  assayed  in  a  sinf^le  lot  of  assay  rats, 
and  the  results  exi)ressed  in  terms  of  the  standard  whitdi  was  run  simultaneously 

at  two  dose  levels.  In  eaeh  ease  five  assay  rats  were  run  at  eacdi  dose  level. 

For  assay  of  jdasma,  donor  rats  were  anesthetized  with  ether  and  5-S  ml.  of  blood 
were  witlulrawn  from  the  external  juf'ular  vein  during!;  1-2  minutes  time  into  heparinzed 
syringes.  Following!;  eentrifuf!;ation,  plasma  from  a  i)ooled  sample  was  assayc'd  in  recipi¬ 
ents  by  the  ovarian  ascorbic  acid  depletion  method.  Two  ml.  of  plasma  were  inji'cted 
into  eaeh  recipient  rat.  tSinee  oidy  a  siiiffle  dose  of  plasma  was  used,  we  hav(‘  expressetl 
these  results  in  terms  of  ascorbic  acid  depletion  rather  than  convertin'^  the  fif^ures  into  a 
value  in  terms  of  the  LH  standard. 

Types  of  Donor  Animals.  ,\11  rats  were  adult,  viif^in  females  of  the  Sherman  strain. 
Hyi)othalamie  lesions  were  positioned  either  in  the  nii'dian  ('ininenee  of  the  tuber 
einereum  to  induce  Cl),  or  in  the  mid-line  sui)raehiasmatie  region  to  induce'  CK  by  meth- 
(tds  i)reviously  deseribi'd.  Rats  shown  to  l)t'  in  either  constant  diestrus,  or  constant  estrus 
l)y  the  vaf^inal  smear  record  were  chosen  for  exi)eriim'nts.  'I’he  presence  of  an  estrous 
smear  at  any  time  prior  to  use  was  sufficient  cause  for  reje'ction  of  a  (T)  rat,  when'as 
CE  rats  were  reijuired  to  be  continually  in  estrus  for  a  jjeriod  of  at  least  two  weeks  prior 
to  use.  Ovariectomy  was  performed  on  a  t^roup  of  normals  and  on  ffroui)s  of  rats  with 
Cl)  <jr  ('E  as  a  results  of  hypothalamic  lesions.  Plasma  from  ovarieetomized  rats  was 
assaja'd  after  the  o|)eration  at  various  time  intervals  ran}^in{^  from  1  week  to  4  months. 
Pituitary  LH  was  determined  2-3  months  aftc'r  i)laeinf!;  the  lesions,  and  one  month  after 
ovariectomy  if  this  opi'ration  was  performed. 

Tissue  Studies.  Serial  .sections  of  the  hypothalamus  wen'  made  in  all  rats  with  lesions 
and  every  tenth  section  stained  l)y  the  chrome  alum  hematoxylin-phloxin  method  (13). 
In  a  numbc'r  of  eases  where  the  pituitaries  were  not  used  for  assay  of  LH,  they  wc'H' 
serially  seetioiK'd  and  examined  for  infarcts.  Ovaries  and  .selected  mammary  ulunds  were 
also  seetioiK'd  and  staini'd  with  hematoxylin  and  eosin. 

RESULTS 

PUiHinei  IJL  No  deteotahle  LII  wa.s  found  in  plasma  from  normal  female 
rats,  in  that  there  was  no  sisnifieant  ovarian  aseorhie  acid  depletion  in  the 
recipient  animals  (Fifj;.  1).  Within  a  week  followiii};;  ovariectomy,  plasma 
samples  induced  a  significant  depletion  of  ovarian  ascorbic  acid  in  the  a.ssay 
animals.  This  elevated  concentration  of  LH  persisted  for  at  least  four 
months  post-ovariectomy  without  further  .sifrnificant  increment. 

In  contrast  to  the  results  in  rats  without  lesions,  no  detectable  LII  was 
found  in  the  plasma  of  rats  with  hypothalamic  lesions  on  assay  one  to  five 
weeks  post-ovariectomy  (hdfj;-  1,  -)•  The  results  in  the  rats  with  Cl)  were 
identical  with  those  obtained  in  the  rats  with  CK  (Figs.  1,  2). 

Pituitary  Lit  Content.  Analy.sis  of  pituitary  LII  content  in  pooled  normal 
glands  yielded  reproducible  values  on  four  .separate  occa.sions  (Table  1). 
One  month  following  ovariectomy,  pituitary  LII  was  .significantly  elevated 

*  The  LH  standard  was  Luteinizing  Hormone,  Ovine  (NIH-LH-S-1)  and  was  a  gift 
from  the  Endocrinology  Study  Section  of  the  National  Institutes  of  Health. 
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Fig.  1.  Plasma  LH  after  ovariectomy  of  normal  and  constant-diestrus  rats.  The 
vertical  lines  imlicate  the  standard  error  of  the  mean;  the  numbers  refer  to  the  number 
of  assay  rats  useil. 

(P<0.()1)  on  comparison  witli  the  value  obtained  from  a  pool  of  normal 
glands  a.ssayed  simultaneously. 

In  rats  with  Ch',  pituitary  LII  was  significantly  diminished  (Table  1), 
but,  as  in  the  rats  without  lesions,  a  highly  significant  increase  (P<.()1)  in 
LH  content  was  seen  one  month  post  ovariectomy.  As.say  of  pituitary 
glands  from  rats  with  Cl)  gave  a  very  low  value  for  LH  content,  only  15% 
of  that  found  in  normal  rats  (Table  1).  This  value  was  also  .significantly 
lower  than  that  obtained  in  the  rats  with  CL.  In  contrast  to  the  ob.serva- 
tions  in  normal  and  CL  rats,  ovariectomy  was  not  followed  by  a  significant 
elevation  of  pituitary  LH  in  the.se  rats  with  Cl). 


Fig.  2.  Pla.sma  LH  in  normal  rats,  ovaricctomizcd  rats  and  ovaricctomizcd  rats  wit 
lesions  inducing  either  constant  diestrus  or  constant  estrus.  The  vertical  lines  indicat 
the  standard  error  of  the  mean;  the  numbers  refer  to  the  number  of  assay  rats  used. 
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Table  1.  Fin  itakv  I>Il  i.\  hats  with  hypotiialamic  lesions 


Pituitary  I.H 

Type  of  r:it 

^No.' 

Content 
(jug. /gland) 

('oncentration 
(Mg.  /  mg.  wet  wt.) 

Normal 

1 

22.0  (0.0-:i7)‘ 

2 

14.0  (7.5-28) 

1 .0  (0.70-8,1) 

4 

25.0  (18.1 -4!>) 
20.8 (14.5-01) 

2.4 (1 .2-5.0) 

Unweighted  Mean 

22.2  (10.5-20.0 

)  2. 0(1. 2-8. 8) 

Ovariectomized 

1 

80.8  (20.4-00) 

4.1  (2. 8-7.0) 

C'onstant  Kstrus 

1 

8.8  (4.8-17.0) 

0.54  (.27-1  . 1) 

2 

5.8(2.0-11.5) 

0.80  (.18 -.72) 

I'nweighted  Mean 

7.2  (4.4-11.2) 

0.44  (.27-. 00) 

C'onstant  Estrus- 

1 

21 . 1  (10.8-48) 

2.0  (1 .0-4.1) 

Ovariectomized 

2 

27.0 (18.2-50) 

2.7(1  .8-5.0) 

Unweighted  Mean 

24.8 (14.5-41) 

2.8  (1 .4-8.0) 

Constant  Diestrus 

8. 8  (1.7-0. 7) 

0.40  (.28-. 02) 

Constant  Diestrus- 

<  Ivariectomized 

4.5 (2. 8-8. 8) 

0.88  (.42-1 .0) 

‘  FiKures  in  pari'iithosis  represent  1*5%  eonfidiniee  limits. 


Pituitarji  Weight  and  LII  Concentration.  A  significant  atrophy  of  the 
anterior  lobe  was  found  in  animals  with  hypothalamic  lesions  inducing  Cl), 
whereas  those  with  CK  had  elevated  pituitary  weights  (Table  2).  Pituitary 
weight  fell  to  normal  levels  after  ovariectomy  of  the  rats  with  CM,  whereas 
ovariectomy  in  normal  rats  and  tho.se  with  Cl)  had  no  significant  effect  on 
the  weight  of  the  gland. 

These  fluctuations  in  pituitary  weight  influenced  the  values  for  pituitary 
Id!  concentration  (Table  1).  For  example,  the  pituitary  LH  content  of  the 
Chi  rats  was  .significantly  greater  than  that  found  in  the  animals  with  Cl) 


Table  2.  Organ  and  bgdy  WEiiiiiTs  of  rats  with  hypotiialamic  lesions 


Organ  we 

ielits 

Body 

weigfit 

(g.) 

Typ*'  of  rat 

.Anterior 

pituitary 

(lUB.) 

Ovaries 

(lug.) 

I’terus 

(mg.) 

-Adrenals 

(ins.) 

Thyroid 

(mg.) 

Normals: 

A.  Kstrous  Smear  (5)* 

11.6±n.lt! 

6116 

428  +  36 

.54  +  4 

13.311.1 

216 

B.  Diestrous  Smears  (5) 

13.1±()..'j 

07  +  10 

348 1 31 

6712 

14.0+1 .3 

275 

Pooled  Normals  (10) 

12.310.6 

70 

388 

6013 

13.610.8 

245 

Iv<‘8ions: 

A.  ('onstant  Estrus  (5) 

16.21 1.1* 

3613** 

.5.56141* 

.52 1 4 

16.011.45 

200 

B.  C'onstant  Diestrus  (5) 

7. 311. .3** 

3016** 

185146* 

.37112* 

13.31  1.3 

288 

Lesions-O  variectomized : 

A.  Constant  Estrus  (8) 

10., 5  +  0. (P 

30  +  1**5 

342 

B.  Constant  Diestrus  (5) 

S.418** 

30 1 4**5 

301 

*  No.  of  rats  ^roup. 

2  Mean±S.E.M. 

*  Significantly  different  from  pooled  normalR,  P  <0.05. 

*  Siscnifieantly  different  from  non-ovarieetomized  rats  with  CK.  1*<0.01. 

*  Significantly  different  from  appropriate  control  group,  either  estrus  or  diestrus  normals  as  the  case  may  be. 
P<0.05. 

♦♦  Significantly  different  from  appropriate  control  group,  P  <0.01. 

*  Weight  of  ovaries  at  time  of  ovariectomy. 
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whereas  pituitary  LII  concentration  was  identical  in  both  CE  and  CD  rats. 
This  was  due  to  the  presence  of  enlarged  pituitaries  in  tlie  rats  with  CE, 
whereas  those  with  CD  liad  atrophic  glands.  Similarly,  in  the  CE  rats, 
ovariectomy  resulted  in  a  more  marked  increase  in  pituitary  LII  concentra¬ 
tion  than  in  LH  content  since  a  rise  in  content  was  associated  with  a  de¬ 
cline  in  pituitary  weight.  In  other  comparisons  the  direction  and  approxi¬ 
mate  relative  magnitude  of  changes  in  pituitary  LII  were  the  same  whether 
calculated  as  content  or  concentration. 

Organ  Weights.  Body  weights  and  weights  of  a  group  of  endocrine  organs 
and  the  uteri  from  a  series  of  normals  and  the  rats  with  lesions  are  set  forth 
in  Table  2.  The  greater  weights  of  the  rats  with  lesions  as  compared  to 
normals  was  due  to  a  large  extent  to  the  development  of  obesity  in  some  of 
the  former  animals.  There  was  marked  ovarian  atrophy  in  l)oth  groups  of 
rats  with  lesions,  while  the  uteri  were  atrophic  in  rats  with  CD  and  slightly 
enlarged  in  those  with  CE.  Some  of  the  rats  with  CD  also  had  adrenal 
atrophy,  whereas  thyroid  weights  were  unchanged  except  in  rats  with  (MC 
where  a  slight  increase  in  weight  of  this  gland  was  noted. 

// istological  Observations 

Location  of  Lesions.  The  lesions  in  the  CD  rats  were  in  the  median 
eminence  and  were  similar  to  those  earlier  reported  (14).  I'ssentially,  a 
complete  or  nearly  complete  destruction  of  this  .structure  was  achieved  ex¬ 
tending  back  to  and  frecpiently  including  the  hypophysial  .stalk.  There  was 
extensive  damage  to  the  arcuate  nuclei  as  well.  The  pituitary  va.sculature 
frequently  appeared  to  be  normal,  but  in  .some  cases  unilateral  or  bilateral 
.scars  characteristic  of  old  pituitary  infarcts  were  seen. 

In  rats  with  CE,  on  the  other  hand,  the  lesions  involved  the  mid-line 
suprachiasmatic  region  producing  injury  or  destruction  of  the  suprachias- 
matic  nuclei  and  optic  chiasm.  The  lesions  frecpiently  extended  caudally  in 
the  ba.sal  hypothalamus  so  as  to  reach  the  anterior  tip  of  the  median 
eminence.  This  rostral  tip  was  occasionally  involved  in  the  lesions.  The 
paraventricular  nuclei  were  usually,  though  not  always,  severely  injured 
or  destroyed.  Because  of  the  rostral  location  of  lesions,  there  was  little  or 
no  damage  to  the  hypophysial  portal  ve.'jsels  in  this  type  of  lesion,  and  no 
vascular  damage  to  the  pituitary  was  detectable. 

Ovaries.  The  ovaries  of  the  CE  rats  were  characterized  by  abundant, 
large,  frecpiently  cystic  follicles,  abundant  interstitium  and  a  paucity  of 
corpora  lutea  or  their  remnants  (Fig.  3).  In  contrast,  ovaries  from  CD  rat.- 
(particularly  if  operated  upon  in  estrus)  were  characterized  by  persistence 
of  large  corpora  lutea  and  little  or  no  follicular  development  (Fig.  3) ;  occa¬ 
sionally  one  or  two  follicles  which  had  matured  beyond  the  early  antra 
stage  were  found.  Interstitial  ti.s.sue  in  these  ovaries  was  .scanty. 

Mammary  Glands.  These  were  examined  grossly  and  microscopically  ii 
some  of  the  rats  with  lesions,  two  to  three  months  postoperatively 
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Mammae  from  four  of  five  rats  with  Cl)  showed  some  evidence  of  lol)uloal- 
veolar  development  which  varied  from  a  l)arely  detectal)le  amount  to  a 
(piantity  of  parencliyma  nearly  as  great  as  that  found  in  pseudopregnancy. 
There  was  secretion  in  the  ducts  and  alveoli.  Three  mammae  from  rats  with 
Cl'i  were  examined  microscopically  and  showed  ductile  growth  and  minimal 
to  moderate  lohuloalveolar  development. 

DISCUSSION 

Ovarian  ascorliic  acid  depletion  has  been  shown  to  be  a  specific  assay  for 
LH  since  other  anterior  lobe  hormones  do  not  induce  comparable  depletion 
(10,  11).  Vasopressin  does  have  appreciable  activity  in  this  assay  but  only 
at  pharmacological  doses  which  do  not  interfere  under  the  present  condi¬ 
tions  (10,  11). 

This  method  is  not  sufficiently  sensitive  to  measure  LH  in  the  plasma  of 
normal  rats,  but  detectable  levels  of  circulating  LI  I  are  reached  within  a 
week  following  ovariectomy  and  are  maintained  for  several  months. 
Pituitary  LH  stores  are  also  elevated  following  ovariectomy,  indicating 
that  removal  of  negative  steroid  feedback  from  the  ovaries  results  in  en¬ 
hanced  rates  of  synthesis  and  secretion  of  LH  by  the  adenohypophy.sis.  It 
has  long  been  known  that  ovariectomy  results  in  elevated  levels  of  gonado¬ 
trophins  in  blood  (15),  and  .similar  findings  with  respect  to  LH  have  al¬ 
ready  been  reported  by  Parlow  (Ifi). 

Although  it  is  well  known  that  hypothalamic  lesions  can  alter  ovarian 
function,  the  present  work  shows  the  effect  of  these  lesions  on  LH  for  the 
first  time.  \t  least  two  kinds  of  hypothalamic  lesions  are  able  to  modify 
adenohypophysial  activity  in  relation  to  this  hormone.  Both  the  supra- 
chiasmatic  lesions  and  those  in  the  median  eminence  prevented  the  in¬ 
creased  blood  concentrations  of  LH  following  ovariectomy.  Pituitary  LH 
stores  were  also  subnormal  in  rats  with  lesions,  which  in  the  presence  of  re¬ 
duced  blood  levels  after  ovariectomy  implys  reduced  rates  of  both  synthesis 
and  secretion  of  LH  in  these  rats.  In  the  case  of  the  Cl)  rats,  pituitary  LH 
failed  to  rise  after  ovariectomy  .suggesting  that  both  the  increased  synthesis 
and  release  of  hormone  which  follows  removal  of  ovarian  steroid  feedback 
failed  to  occur  in  these  rats.  In  contrast,  the  CE  rats,  although  failing  to 
show  detectable  (juantities  of  hormone  in  blood,  nonethele.ss  manifested  an 
increased  storage  of  LH  after  ovariectomy  implying  that  .synthesis  of  LH 
was  augmented.  The  reason  for  this  discrepancy  between  the  behavior  of 
the  CE  and  Cl)  rats  is  not  apparent,  but  it  appears  that  the  lesions  in  the 
CMi  rat  produce  only  a  partial  blockage  of  LH  release  and  synthesis.  lit 
order  to  make  a  rigorous  interpretation  of  the  LH  data,  it  would  be  neces¬ 
sary  to  know  the  blood  level  of  LH  in  rats  with  intact  ovaries  and  to  knov 
the  rates  of  disappearance  of  LH  from  blood  and  its  rate  of  degradation  ii 
the  hypophysis  in  all  groups  of  animals. 

It  is  important  to  inquire  as  to  the  mechanism  by  which  these  lesions  ii 
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fluence  LII  synthesis  and  release.  In  rats  witli  median  eminence  lesions,  the 
reduction  in  pituitary  weight  and  fre(iuent  infarcts  found  in  this  gland  raise 
the  possibility  that  these  results  may  have  been  influenced  by  vascular 
damage  to  the  pars  distalis  caused  by  interruption  of  the  hypophysial 
portal  veins.  The  recent  demonstration  of  Xikitovitch-Winer  and  h'.verett 
that  pituitaries  regrafted  to  the  median  eminence  can  regain  function  in 
spite  of  severe  vascular  insult  and  reduced  volume  argues  against  this  pos¬ 
sibility  (17).  Lather,  it  sould  seem  more  likely  that  the  lesions  have  inter¬ 
fered  with  the  secretion  of  an  Lll-releasing  factor  which  may  normally 
traverse  the  hypophysial  portal  vessels  to  induce  LII  secretion. 

The  .siiprachiasmatic  lesions  did  not  affect  the  hypophysial  vasculature, 
so  that  the  deficit  in  these  rats  is  almost  certainly  a  specific  one  due  to  loss 
of  hypothalamic  influences.  It  is  po.ssible  that  this  siiprachiasmatic  region 
may  be  a  chemoreceptor  zone  for  ovarian  .steroids,  as  suggested  by  the  abil¬ 
ity  of  ovarian  grafts  in  this  region  to  decrease  uterine  weight  (1<S).  From  it, 
axons  may  project  to  the  median  eminence-arcuate  nuclear  region  to  affect 
neurons  secreting  an  Lll-releasing  factor.  Alternatively,  it  is  conceivable 
that  the  neurosecretory  cells  themselves  might  lie  in  this  rostral  area  and 
that  their  axons  might  project  to  the  median  eminence,  there  to  secrete  LII- 
releasing  factor.  Further  work  is  reipiired  to  determine  the  actual  mechan¬ 
ism. 

Previous  work  by  Bogdanove  iu  male  rats  has  indicated  that  hypotha¬ 
lamic  lesions  associated  with  testicular  atrophy  (or  even  on  occasion  with¬ 
out  gonadal  atrophy)  are  accompanied  by  low  hypophysial  stores  of  gona¬ 
dotrophin  (19).  No  a.s.says  for  LII  were  reported.  Recently,  Davidson,  d  al. 
liave  found  testicular  atrophy  and  low  pituitary  LII  content  in  dogs  with 
lesions  in  the  caudal  median  eminence  (20).  Our  results  in  the  female  rat 
are  in  general  agreement  with  these  reports  in  the  male.  In  our  experiments 
in  rats  with  median  eminence  lesions,  however,  the  caudal  median  emi¬ 
nence  was  fre(|uently  intact.  Thus  it  is  not  yet  possible  to  ascribe  a  par¬ 
ticular  importance  to  this  area  for  regulation  of  LII  secretion  in  the  rat. 

That  the  siiprachiasmatic  area  and  rostral  median  eminence  may  be  im- 
liortant  in  regulation  of  LII  secretion  is  further  supported  by  the  experi¬ 
ments  of  Critchlow,  who  has  recently  produced  ovulation  from  stimulation 
of  these  portions  of  the  hypothalamus  in  the  rat  (21). 

The  changes  recorded  in  organ  weights  in  rats  with  lesions  can  be  corre- 
hited  with  altered  secretion  rates  of  pituitary  and  ovarian  hormones.  De¬ 
creased  ovarian  weights  were  seen  in  both  types  of  rats  with  lesions.  In  the 
c.ise  of  the  CD  rats,  the  decrease  was  accounted  for  by  the  small  size  of  fol- 
li  les  and  .scanty  interstitial  tissue  presumably  caused  by  deficient  secre- 
t'on  of  FSII  and  LII,  respectively  (9).  In  the  case  of  the  CIO  rat,  the  de- 
c  eased  ovarian  weight  was  presumably  the  result  of  the  marked  decrease 
i’.  luteal  ti.s.sue,  probably  related  to  the  failure  of  ovulation.  The  uterine 
a  rophy  found  in  the  CD  rats,  probably  followed  the  decreased  estrogen 
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secretion  as  a  consequence  of  decreased  FSH-LII  output,  wliereas  tlie 
uterine  hypertropliy  in  the  CK  animals  reflected  the  continuous  estrofjen 
secretion  as  evidenced  hy  persistent  vaginal  cornification.  Enlargement  of 
the  pituitary  in  rats  with  CE  is  reminiscent  of  the  increased  size  of  this 
gland  which  can  he  produced  by  estrogen  treatment  (22).  Since  persistent 
estrogen  secretion  occurred  in  these  rats,  and  the  pituitary  weights  were 
normal  after  ovariectomy,  it  seems  likely  that  estrogen  was  responsible  for 
the  effect.  D’Angelo  has  also  reported  enlargement  of  the  pituitary  in  rats 
with  C1-:  (2d). 

The  mammary  development  seen  in  the  rats  with  both  types  of  hypo¬ 
thalamic  lesions  is  consistent  with  persistent  secretion  of  LTH  and  .suggests 
that  the  secretion  of  this  hormone  noted  earlier  in  rats  with  median  emi¬ 
nence  lesions  (2)  can  persist  for  several  months  just  as  it  does  when  the 
pituitary  is  grafted  to  the  kidney  capsule  (24).  There  appears  to  be  a  re¬ 
ciprocal  relationship  between  the  secretion  of  LTH  and  LH  by  the  isolated 
pituitary. 
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PURIFICATION  AND  PROPERTIES  OF  A  COMPONENT 
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and  Department  of  Medieine,  Colundna  I'nirersitji  College  of 
Cli!/sieian,s  and  Surgeons,  Xeir  York  Citg 

AHSTRAC'T 

A  moditication  of  tlio  jiroviously  (li'scribod  inotliod  for  the  preparation  of 
Fraction  H  from  ho>>;  ])ituitary  }j;lands  by  alkaline  extraction,  fractional  precipi¬ 
tation  with  acetone,  and  ehroinatoffraphy  on  IRC’-50  resin  is  presented.  The 
yield  is  8  in}^.  pc'r  srani  of  lyophilized  Iiok  pituitary  f^lands.  As  little  as  0.125 
niK.  of  Fraction  H  causes  a  0  fold  rise  in  the  serum  free  fatty  acid  level,  and  as 
little  as  3  m^j.  causes  a  4  fold  increase  in  the  serum  total  lipid  level  of  the  rab¬ 
bit.  Fraction  H  i)repared  by  this  method  contains  0.8%  j^rowth  hormone, 
0.007%  o.xytoein,  0.00005%  melanoeyte-stimulatinK  hormone,  and  no  detect¬ 
able  amount  of  the  other  0  recognized  pituitary  hormones.  The  active  sub¬ 
stance  in  Fraction  H  is  inactivated  by  trypsin  or  by  exposure  to  0.1  N  NaOH 
at  100°  C,  is  non-dialyzable,  and  is  insoluble  in  5%  triehloraeetie  acid.  The 
biolosie  activity  of  Fraction  H  is  not  diminished  b}'  digestion  with  pejjsin  or  by 
exposure  to  0.1  X  IK’l  at  100°  (’.  The  active  substance  or  substances  in  the  i)ei)- 
tie  digest  of  Fraction  H  are  dialyzable  and  are  soluble  in  5%  triehloraeetie 
acid,  ('hromatograi)hy  of  Fraction  H  on  DK.VK-eellulose  gives  a  further  .5-fold 
l)urifieation  of  the  active  eomi)onent.  The  resulting  preparation  (labeled  Frac¬ 
tion  L)  moves  as  a  single  substance  in  paj)er  electrophoresis. 

A  REC1‘'.NT  report  (1)  from  this  Ial)oratory  descrihed  the  preparation 
xV  from  hog  pituitary  glands  of  a  fraction  (labeled  “Fraction  H”)  which 
produces  lipemia  in  the  rabbit.  Bioassays  .showed  this  fraction  to  contain 
0.07%  TSII,'^  0.002%  oxytocin,  and  no  detectable  amount  of  ACTII,  (III, 
luolactin,  FSII,  ICSII,  or  vasopre.ssin.  A  subsequent  study  (2)  showed  that 
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tlie  immediate  effeet  of  an  injeetion  of  Fraction  H  in  the  rabbit  is  a  marked 
increase  in  tlie  concentration  of  serum  free  fatty  acids  (FFA),  wliicli  is 
followed  4  to  S  hours  later  by  the  development  of  lipemia. 

The  purpose  of  the  present  report  is  to  describe  a  method  for  preparinfj; 
Fraction  11  from  hog  pituitary  shuids  in  higher  yield,  certain  physical  and 
chemical  properties  of  the  biologically  active  substance  in  Fraction  11,  and 
a  method  for  the  further  purification  of  this  substance. 

MATERIALS  AXl)  METHODS 

1.  Lyoi)liiliz(“(l  intact  hog  pituitary  glands  (Armour  Pharmaceutical  Comi)any). 

2.  C'ation  exchange  resin  (Rohm  and  Haas  ('omi)any.  C(i-50  Type  2)  e(piili- 

hrated  with  0.2.M  sodium  phosphate  buffer  i)H  o.SO.  250  gm.  of  the  resin  were  susi)ended 
in  5  L.  0.2M  sodium  phosphate  buffer  with  continuous  stirring.  Forty  per  cent  NaOH 
was  added  iM'riodically  until  the  pH  of  the  suspension  was  stable  at  5.S0±0.1.  The 
resin  was  then  washed  by  decantation  with  ().2.M  sodium  phosjdiate  buffer  pH  o.SO 
until  the  supernatant  was  clear  after  standing  for  30  minutes.  The  washed  resin  was 
stored  under  the  0.2M  buffer  until  needed. 

3.  Diethylaminoethyl  cellulose  anion  exchange  resin  (I)K.VK-cellulose)  (Distillation 
Products  Industries)  was  prepared  for  use  by  suspending  it  in  20  volumes  of  0.01  M 
soilium  phos|)hate  buffer  pH  5.40,  adjusting  the  pH  to  5.9  with  HCl  and  then  washing 
by  ilecantation  with  0.01  M  sodium  i)hosphate  buffer  pH  5.40  until  the  j)!!  remaiiu'd 
constant  at  5.40. 

4.  Recrystallized  pepsin  and  trypsin  (Nutritional  Riochemical  Company). 

5.  Male  rabbits  of  mixed  strain  weighing  3.5  to  4.5  kg.  were  employed.  They  were 
fetl  a  diet  of  Purina  rabbit  chow  which  was  available  to  the  animals  at  all  times.  The 
lipid-mobilizing  activity  of  the  various  pituitary  pr(*iiarations  described  in  this  report 
was  estimated  by  measuring  the  effect  of  a  single  subcutaneous  injection  of  an  aqueous 
solution  of  the  ])reparation  upon  the  concentration  of  total  lipid  (1)  or  of  FFA  (2)  in 
the  serum  of  the  rabbit.  Serum  concentrations  of  FFA  and  total  lipid  were  measured 
by  the  methods  of  Dole  and  of  Rloor  respectively  (3,  4).  Other  pituitary  hormonal  ac¬ 
tivities  were  assaye<l  by  methods  described  in  the  following  references:  .\CTH  (5),  (HI 
(b).  TSH  (7),  prolactin  (S),  ICSH  (9).  FSH  (10),  MSH  (11),  oxvtocin  and  vasoimessin 
(12). 

EXPERIMENTS 

Certain  modifications  in  the  previously  described  method  (1)  fortlie  prep¬ 
aration  of  Fraction  H  led  to  an  increa.sed  yield  of  material.  These  modifi¬ 
cations  are  as  follows:  After  extraction  of  the  pulverized  glands  for  4  houis 
with  2%  XaCl  at  pH  8. .5,  the  extract  was  adjusted  to  pH  4.5  in.stead  of  4. 1 
as  previously  described.  After  removal  of  the  material  precipitated  at  this 
point,  2  volumes  of  acetone  were  added  and  the  precipitate  was  discardetl. 
The  concentration  of  acetone  Mas  brought  to  90%  and  the  precipitated  m:  - 
terial  isolated  by  solution  in  H2O  at  pH  5.80,  folloMed  by  dialysis  ar  1 
lyophilization.  Previously  the  fraction  soluble  in  75%  acetone  and  insolul'  e 
in  90%  acetone  Mas  isolated  at  this  point.  The  yield  of  this  fraction  (“Fra  - 
tion  (i”)  Mas  tMice  that  obtained  previously.  Fraction  G  in  batches  of  Ml 
mg.  instead  of  120  mg.  Mas  chromatographed  as  previously  described  on  a 
2.2X50  cm.  column  of  IHC-.50  resin  eipiilibrated  M’ith  0.2M  sodium  pin  - 


February,  1961  LIIMD-MOBILIZIXO  IMTI  ITARY  FRACTION* 


275 


Table  1.  Result.s  ok  bioassays  ok  Fraktion  II 

Lcft-hiiml  column  shows  assiiys  performed.  .Middh*  column  nives  result  of  (‘ach  assay. 
Uinht-hand  column  nives  proportion  liy  weinht  in  which  each  pituitary  hormone  is  present 
in  Fraction  11.  These  proportions  were  calculated  liy  eomparinn  hormonal  activities  of  Frac¬ 
tion  H  with  activities  of  hinhly  purified  preparations  of  each  of  the  jiituitary  hormones. 


Hormonal  activity 
assayed 

Hormonal  activity 
of  Fraction  11 

Proportion  in  which  each 
pituitary  hormone  is 
present  in  Fraction  H  (%) 

ACTII 

<0.01  unit/ mg. 

<o.o:{ 

('.11 

0.01  unit /mg. 

0.8 

TSll 

<0.001  unit  mg. 

<0.007 

Prolactin 

<0.002  unit/mg. 

<0.01 

ICS  11 

No  activity  detected  at 
total  dose  of  5  mg. 

<0.4 

FSll 

No  activity  detected  at 
total  dose  of  2. .5  mg. 

<0.00 

MSll 

7 .5  X  1(F  units/gm. 

O.OOOO.') 

( Ixvtocin 

0.04  unit /mg. 

0.007 

Vasopressin 

<0.004  unit /mg. 

<0.002 

phate  butTer  pH  o.SO.  The  yield  of  Fraction  H  was  increased  from  o  mg;,  to 
S  mg;,  per  g;ram  of  lyopliilized  g;land  Ity  these  modifications  in  tlie  proce¬ 
dure. 

These  modifications  did  not  changje  the  potency  of  Fraction  II  in  stimn- 
lating:  the  mobilization  of  FFA  and  total  lipid  into  the  plasma.  Bioassays^ 
for  the  t)  recognized  hormonal  activities  of  the  pituitary  g;land  showed  that 
Fraction  II  prepared  by  this  method  contained  0.8%  (HI,  0.007%  oxy¬ 
tocin,  0.00005%  MSII,  and  no  detectable  amount  of  any  of  the  other  0 
recogjiiized  pituitary  hormones.  Details  of  these  a.ssays  are  shown  in  Table  1 . 

Further  purification  of  the  active  component  in  Fraction  II  was  achieved 
by  chromatog;raphy  of  this  fraction  on  DhiAlvcellulose.  Three  mg;,  of 
Fraction  II  was  dissolved  in  4  ml.  of  O.OIM  sodium  phosphate  bufl'er  (pH 
5.40)  and  applied  to  a  0.9X15  cm.  column  of  DFAF-cellulo.se  which  had 
been  equilibrated  to  pH  5.40  by  washing;  with  this  buffer,  hdution  was 
started  with  O.OIM  sodium  pliosphate  buffer  (pH  5.40),  the  effluent  being; 
collected  in  5  ml.  fractions  and  the  protein  content  of  each  fraction  esti¬ 
mated  from  the  optical  density  at  278  niju.  After  85  ml.  of  the  O.OIM  sodium 
phosphate  solution  had  passed  into  the  column,  elution  was  continued  suc¬ 
cessively  with  85  ml.  each  of  0.05  M,  0.15  M,  and  0.80  M  sodium  phosphate 
'olutions  of  pH  5.40,  pH  5.50  and  pH  5.00  respectively.  The  results  are 
'hown  in  Fig;ure  2.  Only  the  fractions  eluted  from  the  column  by  the  0.15  M 
olution  (tubes  15  through  25  in  Fig.  1)  possessed  activity  in  raising  the 

*  Assays  were  performod  fiy  the  following:  Duplicate  .\CTH  assays  by  .J.  1).  Fisher 
Armour  Pharmaceutical  Co.)  ami  C.  N.  Alaugieri  (South  Alouutain  Laboratories, 
'laplewood,  N.  J.);  GH  and  prolactin  assays  by  ('.  N.  Alaugieri;  TSH  assaj’  by  R.  \V. 
bites  (National  Institutes  of  Health);  ICSH  assay  by  S.  .J.  Segal  (Rockefeller  Insti- 
ute);  FSH  assay  by  S.  L.  Steelman  (Merck  Institute);  MSI!  assay  by  .\.  It.  Lerncr 
Vale  University);  oxytocin  and  vasopressin  assays  by  F.  C.  .Armstrong  (Parke,  Davis 
c  Co.).  The  authors  are  grateful  for  the  collaboration  of  these  investigators. 
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TUBE  NUMBER 

Fig.  1.  C'hroniatGgrani  of  3  m<!;.  Fraction  II  on  O.OXlo  cm.  column  of  DF.VF-ccIlu- 
losc.  Ffflucnt  collected  in  5  ml.  fractions.  Initial  solvent,  0.01  .M  sodium  jihosphatc 
buffer,  jiH  5.40.  .\t  .V.  solvent  clianjfcd  to  0.05  .M  soilium  iihosphatc*  buffi'r,  pH  5.40; 
at  H,  to  0.15  .M  .sodium  phosjihatc  buffer,  jiH  5.50;  at  (',  to  0.30  .M  sodium  phosjibate 
buffer,  pH  5.00;  at  I),  to  1.0  X  H('l.  Flow  rate,  20  ml./bour.  Temperature  25°  ('. 

concentrations  of  FFA  and  total  lipid  in  tlie  ralthit’s  seriun.  A  sample  of 
this  material,  which  is  labelled  Fraction  L,  was  prepared  by  chromatofjra- 
phy  of  lo  mg.  of  Fraction  H  on  a  0.0 XdO  cm.  column  of  DFAF-cellulose 
in  the  same  manner  described  in  Figure  1.  The  fractions  eluted  by  the 
O.lo  M  sodium  phosphate  buffer  were  combined  and  0.42  gm.  of 
(XH4)2S()4  was  added  for  each  ml.  of  eluate.  The  resulting  precipitate  was 
dissolved  in  IF-O,  dialyzed  and  lyophilized.  Three  mg.  of  Fraction  L  was 
obtained.  The  effect  of  Fraction  L  upon  the  serum  FFA  and  total  lipid  con¬ 
centrations  of  adult  unfasted  rabbits  is  shown  in  Table  2  together  with 
comparable  data  obtained  with  Fraction  H,  It  can  be  seen  that  although 
the  yield  of  Fraction  L  obtained  from  Fraction  H  was  only  20%,  its  activ¬ 
ity  was  o  times  as  great  as  that  of  Fraction  H.  No  activity  was  lost  and  a  ■') 


Fig.  2.  Paper  electrophoresis  of  Fraction  H  and  of  Fraction  L  at  pH  S.O 
in  0.075  M  veronal  buffer.  Arrow  indicates  the  origin. 
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Table  2.  Effect  of  si  bcctaxeocs  ixjectu)X  of  variocs  doses  of  Fraction'  H 
AND  OF  Fraction  L  vpon  the  concentration  of  FFA  (1  iioi  r  after 
injection)  and  of  total  lipid  (10  hours  after  injecti<»n) 

IN  THE  rabbit’s  SERUM 


Serum  FF.\  concentration 

Serum  total  lipid 

•Material 

injected 

(ue<i./L)  1  hou 

ir  after 

concentration  (mg.  %) 

injection 

10  hour.<  after  injection 

II 

oO 

2.57  ±  24 

(.5)* 

dot)  +  1.50  (5) 

0 

.0(12.5 

mg. 

Fraction 

H 

:uo±  58 

(4) 

:180  +  i:io  cn 

0 

,12.5 

mg. 

Fraction 

11 

1400  +  200 

(4) 

0 

,2.5 

mg. 

Fraction 

H 

2510+:i74 

(4) 

— 

0 

,50 

mg. 

Fraction 

II 

2050±:}51 

(4) 

— 

1 

.0 

mg. 

Fraction 

II 

2840  ±  205 

(4) 

— 

a 

.0 

mg. 

Fraction 

II 

2410±:}40 

(4) 

1.500  ±:mo  (4) 

0 

.0125 

mg. 

Fraction 

L 

200+  70 

CM 

_ 

0 

.025 

mg. 

Fraction 

L 

I5i2±:i8:i 

(:m 

— 

0 

.05 

mg. 

Fraction 

L 

2420  +  424 

(:m 

— 

0 

.  1 

mg. 

Fraction 

L 

2010 +0OH 

CM 

— 

0 

.(> 

mg. 

Fraction 

L 

2440  + 184 

(4) 

1480±4d0  (4) 

*  Average  ± Standard  I'lrror  (nuinWer  of  oliservations). 


fold  purification  liad  been  accomplislied.  Only  one  protein  component  was 
detectable  in  Fraction  L  by  paper  electrophoresis  (Fig.  2).  The  rate  of 
migration  of  Fraction  L  was  found  to  be  O.SX  that  of  human  serum  albu¬ 
min  at  pH  <S.(). 

The  capacity  of  the  DhbVK-cellulose  column  described  altove  is  so  limited 
that  difficulties  have  been  encountered  in  preparing  sufficient  (plant it ies  of 
Fraction  L  for  a  study  of  its  chemical  and  physical  properties.  As  the  pres¬ 
ence  of  the  inert  substances  in  Fraction  H  have  no  apparent  effect  upon  the 
activity  of  the  active  component  of  this  fraction,  these  studies  have  been 
carried  out  on  this  more  availalile  fraction. 

(1)  EjJ'ect  of  heating  in  acid  or  alkali.  R.O  mg.  of  Fraction  II  was  dissolved 
in  ()  ml.  of  O.IX  IICl,  placed  in  a  boiling  water  bath  for  RO  minutes,  cooled, 
neutralized  and  made  up  to  a  volume  of  12  ml.  The  injection  of  2  ml.  of  this 
solution  (containing  O.o  mg.  of  treated  Fraction  II)  in  each  of  4  rabbits 
caused  a  rise  in  .serum  FFA  level  1  hour  after  the  injection  to  an  average 
level  of  2000  neq.  L.  (Table  R).  In  contrast,  treatment  for  lo  minutes  at 
100°  C  with  O.IX  XaOII  resulted  in  a  complete  lo.ss  of  the  activity  of  Frac¬ 
tion  II  (Table  R). 

(2)  FJjfecI  of  digestion  with  pepsin  or  trypsin.  R.O  mg.  of  Fraction  II  in 
O.OIX  HCl  was  incubated  for  1  hour  at  25°  C  with  0.075  mg.  of  crystalline 
jiep.sin.  One  sixth  of  the  volume  of  the  neutralized  incubation  mixture  (con- 
aining  0.5  mg.  of  treated  Fraction  H)  was  injected  in  each  of  4  rabbits.  An 
ncrease  in  average  serum  F'FA  level  at  1  hour  to  R194  /xeep/  L.  was  pro- 
luced  (Table  R).  Similar  results  were  obtained  with  digestion  periods  as 
ong  as  17  hours.  In  contrast,  incubation  with  crystalline  trypsin  (1  part  of 
rypsin  to  40  parts  of  Fraction  II)  at  pH  0.0  for  as  short  a  period  as  1  hour 
esulted  in  a  complete  loss  of  activity  (Table  R).  The  disappearance  of  the 
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biologic  activity  of  Fraction  H  following  digestion  with  trypsin  indicated 
the  presence  of  a  peptide  chain  in  the  active  component,  while  the  endur¬ 
ance  of  the  biologica  activity  following  digestion  by  pepsin  suggested  that 
the  activity  might  reside  in  a  limited  pepsin-resistant  portion  of  the  pep¬ 
tide  chain. 

(8)  Solubility  i)t  5%  trichloracetic  acid  {T('A).  TCA  solution  (o0%)  was 
added  to  .8.0  mg.  of  Fraction  H  in  10  ml.  of  IIjO  at  0°  C  to  a  final  concentra¬ 
tion  of  .0%  TCA.  The  precipitate  was  collected  by  centrifugation  at  0°  C 
and  dissolved  in  lIjO.  The  supernatant  was  extracted  4  times  with  an  ecpial 
volume  of  ethyl  ether  to  remove  the  TC.V.  The  solution  of  the  .8%  TCA 
precipitate,  and  the  ether-extracted  0%  TCA  supernate,  were  then  tested 
for  their  effect  on  the  rabbit’s  serum  FFA  level  at  dosages  representing  i  of 
the  total  precipitate  and  I  of  the  total  supernate.  The  0%  TCA  precipitate 
of  Fraction  II  was  highly  active  in  increasing  the  serum  FFA  level,  while 
the  0%  TCA  supernate  was  inactive  (Table  .8).  In  contrast,  when  8.0  mg. 
of  Fraction  II  was  incubated  for  8  to  17  hours  with  1  40  part  of  pep.sin 
prior  to  TCA  precipitation,  the  0%  TCA  precipitate  was  inactive  and  the 
0%  TC’A  supernate  was  highly  active  in  increasing  the  rabbit’s  serum  FF.\ 
concentration  (Table  8).  These  findings  suggested  that  the  active  .sub¬ 
stance  in  Fraction  II,  which  is  insoluble  in  a%  TC.\,  is  hydrolyzed  by  pep¬ 
sin  with  the  release  of  one  or  more  smaller  active  components  which  are 
soluble  in  5%  TCA. 

(4)  Dialyzability.  Three  mg.  of  Fraction  II,  or  0.0  mg.  of  Fraction  L,  di.s- 
solved  in  5  ml.  of  0.01  M,  pi  I  7.0  sodium  phosphate  buffer,  was  dialyzed 
for  S  hours  at  5°  C  with  continuous  stirring  against  100  ml.  of  the  buffer. 
.\t  the  end  of  the  dialysis  period,  the  inner  and  outer  .solutions  (containing 


Table  ICfkect  i  pov  Bioi.ofur  activity  of  Fractiox  H  of  exposi  re  to  heat, 
ENZYMES,  OR  TRICHI.ORACETK’  ACID  (TC.\) 


Material  injected  t 

Serum  FF.\  level  1  hour 
after  injection  (/neq./L) 

11.0 

257  ±20* 

Fraction  H  after  1  hour  digestion  with  jiepsin** 

Fraction  H  after  17  hour  digestion  with  pepsin** 

Fraction  H  after  1  hour  digestion  with  trypsin** 

8104  ±805 

8588  ±118 

278  ±5 

Fraction  H  after  80  min.  at  100“  C  in  0.1  X  HCl 

Fraction  H  after  15  min.  at  100°  C  in  O.IX  XaOH 

2000  ±000 

218  ±  10 

5%  TC.\  precipitate  of  Fraction  H 

5%  TC.\  supernate  of  Fraction  H 

10.54  ±72 

827  ±  87 

5%  TC.\  preci|>itate  of  peptic  digesttt  of  Fraction  H 

5%  T(.'.\  supernate  of  peptic  digesttt  of  Fraction  H 

214  ±21 
.  2820  ±  480 

*  .\verage  ±  standard  error  in  a  group  of  4  rabbits. 

t  The  starting  material  in  eaeh  experiment  was  8.0  mg.  of  Fraction  H.  Following  treai 
ment  with  pepsin,  trypsin,  IICI,  XaOH,  TCW,  or  pepsin  followed  by  TC.\,  the  resultin 
preparations  were  tested  in  a  group  of  4  rabbits  at  a  dose  representing  j  of  the  amount  of  th 
preparation. 

**  1  part  of  enzyme  to  40  parts  of  Fraction  H. 
tt  Digestion  with  pepsin  (1/40)  for  17  hours. 
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Tabi.e  4.  Behavior  of  active  component  in  Fraction  11,  in  Fraction  L  and  in 

PEPTIC  DIGEST  OF  FRACTION  H  DCRINO  8  IIOCR  DIALYSIS 


Scrum  FF.\  level  1  hour 

after  injection  (/ucip  1.) 

I’repiiratioii 

Inner  solution* 
(Xon-iiialyzal)le  material) 

( Inter  solution* 
(Dialyzahle  material) 

a.O  ing.  Fraction  11 
(at  pH  7.0) 

3000  ± 132t 

22.=)  ±32 

a.O  ing.  Fraction  11 
(in  2. OX  .-Vcctic  .Vcid) 

1200  ±t»2 

301  ±35 

0.0  mg.  Fraction  1. 

(at  pH  7.0) 

~)%  T('.\  supernate  of 
peptic  clige.-it  of  3.0 

2087  +  432 

205  ±15 

mg.  of  Fraction  H 
(at  [iH  7.0) 

3709  ±387 

2818  ±400 

*  Kach  solution  was  tcstial  in  4  raldiits  at  a  dose  r(“])rpsi>ntinn  i  of  tlip  volunip  of  the  solu¬ 
tion. 

t  Average  ±  standard  error  for  a  group  of  4  rabbits 


tlie  non-(lialyzal)le  and  dialyzable  materials  respectively)  were  tested  for 
effect  on  the  rabbit’s  serum  FFA  level  at  dosages  representing  I  of  the 
volume  of  each  solution.  Table  4  shows  that  no  detectable  activity  ap¬ 
peared  in  the  outer  solution  of  the  dialy.sis  system,  suggesting  that  the 
active  substance  in  Fraction  II  and  in  Fraction  L  is  either  a  protein  or  a 
peptide  tightly  bound  to  protein.  Since  certain  hormones  which  occur  as 
peptide-protein  complexes  have  been  found  to  dissociate  in  acetic  acid  (Ul), 
the  dialyzability  of  the  active  substance  in  Fraction  II  was  re-examined  in 
2X  acetic  acid.  At  the  end  of  the  (S  hour  dialysis  period,  both  inner  and 
outer  .solutions  were  lyophilized  to  remove  the  acetic  acid  and  the  residues 
were  di.s.solved  in  ILiO  for  assay.  Again  no  activity  was  detected  in  the 
dialyzate  (Table  4).  The  diminished  activity  of  the  non-dialyzable  ma¬ 
terial  in  this  experiment  (Table  4)  may  have  been  caused  by  partial  in¬ 
activation  during  the  8  hour  exposure  to  2N  acetic  acid  and  subseipient 
lyophilization,  or  by  binding  of  the  active  substance  to  the  dialy.sis  mem¬ 
brane. 

The  dialyzability  of  the  active  substances  in  the  peptic  digest  of  Frac¬ 
tion  II  was  now  examined.  Three  mg.  of  Fraction  II  was  incubated  with 
0.07o  mg.  of  pepsin  in  O.OIN  IICl  for  17  hours.  After  precipitation  of  the 
peptic  digest  with  TCA,  the  .0%  TCA  supernatant  was  extracted  with 
ether,  neutralized,  and  dialyzed  for  8  hours  against  20  volumes  of  pi  I  7.0 
.'odium  phosphate  buffer.  Table  4  shows  that  both  the  inner  and  outer  solu- 
tions  of  the  dialy.sis  system  were  highly  active  in  increasing  the  rabbit’s 
>erum  FFA  level.  This  finding  .supports  the  hypothesis  that  one  or  more  of 
the  active  substances  in  the  peptic  digest  of  Fraction  H  are  of  relatively 
1  )w  molecular  weight. 

DISCUSSION 

Modification  of  the  acetone  fractionation  step  in  the  previously  de- 
s  *ribed  method  for  preparing  Fraction  II  has  led  to  a  00%  increase  in  the 
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yield  of  this  material  without  reduction  in  the  lipid-mobilizing  potency. 
Fraction  L,  which  is  obtained  from  F'raction  H  by  chromatography  on 
DFAF-cellulose,  constitutes  ^  of  the  weight  of  Fraction  H  and  possesses 
about  oX  the  lipid-mobilizing  potency  of  Fraction  H.  Only  one  protein 
component  is  detectable  in  Fraction  L  by  electrophoretic  analysis.  An 
amount  of  Fraction  L  sufficient  for  further  studies  of  its  .state  of  purity  has 
not  yet  been  prepared. 

The  biologic  activity  of  Fraction  H  is  rapidly  destroyed  by  exposure  to 
trypsin  or  to  O.IX  XaOH  at  100°  C.  Xo  biologic  activity  could  be  detected 
in  the  dialyzate  of  Fraction  II  or  of  Fraction  L.  The  active  substance  in 
Fraction  II  is  insoluble  in  o%  TCA.  These  findings  suggest  that  the  active 
substance  in  Fraction  II  contains  peptide  bonds  and  either  is  a  protein  or  is 
a  peptide  tightly  bound  to  protein  or  other  non-dialyzable  material. 

The  endurance  of  the  biologic  activity  following  incubation  with  pepsin 
or  exposure  to  O.lX"  HCl  at  100°  C  .suggests  that  the  activity  is  a  function 
of  only  a  limited  portion  of  the  peptide  chain  of  the  active  substance.  Fol¬ 
lowing  digestion  of  Fraction  II  with  pepsin,  the  active  substance  or  sub¬ 
stances  are  completely  soluble  in  5%  TCA  and  pass  through  the  dialysis 
membrane.  These  observations  suggest  that  pepsin  cleaves  the  non- 
dialyzable  active  substance  in  f'raction  H  with  release  of  a  dialyzable, 
biologically-active  fragment  of  the  naturally  occurring  substance.  An 
alternative  po.ssil)ility  is  that  the  active  substance  in  Fraction  H  and  in 
Fraction  L  is  a  dialyzable  peptide  tightly  bound  to  protein,  and  that  the 
apparent  change  in  properties  of  the  active  substance  following  exposure  to 
pepsin  results  from  hydrolysis  of  the  inert  protein  with  release  of  the  natu¬ 
rally  occurring  active  peptide  from  a  peptide-protein  complex. 
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ABSTRACT 

Chemical  components  of  uterine  fluid  obtained  from  proestrus  and  estradiol, 
estrone  and  estriol  treated  ovarieetomized  rats  have  been  studied.  Analyses  of 
fluid  from  rats  with  ligated  uteri  also  are  presented.  Potassium  eoneentrations 
were  ten  times  greater  than  plasma  values,  .\ctivities  of  /i-glueuronidase  and 
alkaline  phosphatase  in  uterine  fluids  were  greater  than  those  observed  in 
plasma.  .\eid  phosphatase  was  absent  from  uterine  fluid.  Protein  components 
having  electrophoretic  mobilities  similar  to  beta,  alpha-2,  alpha-1  globulins  and 
albumin  of  plasma  have  been  identified  in  luminal  fluid.  Mori'over,  uterine 
fluid  contains  a  protein  fraction  which  has  a  mobility  exceeding  that  of  albumin. 
These  qualitative  and  quantitative  differences  support  the  idea  that  uterine 
luminal  fluid  is  an  ultrafiltrate  of  plasma  supplemented  by  secretions  from  tht‘ 
uterus. 

CHARACTERISTIC  alterations  in  the  distrihution  of  water  in  the  rat 
uterus  take  place  during  the  estrus  cycle  ami  such  changes  can  he 
induced  in  the  castrated  animal  by  the  administration  of  estrogen  (1,  -)• 
hong  and  Evans  (1)  described  the  distention  of  the  uterus  with  fluid  in 
proestrus  and  early  estrus,  with  discharge  occurring  during  late  estrus. 
Similar  accumulation  of  fluid  in  the  lumen  of  the  uterus  has  been  noted  in 
several  species  of  mammals,  although  there  are  considerable  differences  in 
relative  amounts.  These  include  the  mouse  (3),  bank  vole  (4),  rabbit  (o), 
opossum  (()),  dog  (7),  pig  (8),  monkey  (9),  and  cow  (10). 

There  also  appears  to  be  considerable  differences  among  species  as  to 
rate  of  fluid  formation  in  the  uterus  and  factors  that  influence  its  formation. 
DeMarco  (7)  found  that  fluid  formation  in  the  bitch  during  heat  was 
increased  fourfold  by  the  subcutaneous  injection  of  pilocarpine.  A  similar 
though  less  (piantitative  observation  was  reported  for  the  dog  by  Shih, 
(/  nl.  (11).  This  reaction  to  pilocarpine  also  applies  to  the  rabbit  oviduct 
(12).  The  monkey  (Macacus  rhesus)  seems  to  be  ditferent  in  that  neither 
pilocarpine  nor  atropine  influences  the  accumulation  of  fluid  in  the  uterus, 
but  adrenalin  and  intravenous  saline  tend  to  increase  the  rate  of  flow  from 
11  eroabdominal  fistulae  (9). 

The  problem  of  accumulation  of  uterine  fluid  has  also  been  studied  by 
Received  .\ugust  8,  19(50. 
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ligating  the  uterus.  Bishop  (12)  found  tliat  fluid  did  not  increase  in  uteri  of 
rahl)its  wlien  ligatures  were  placed  at  the  uterotubal  junctions.  However, 
Reynolds  and  Kaminester  (18)  observed  that  in  ovariectomized  rabbits, 
fluid  accumulated  in  the  lumen  of  the  uterus  between  two  ligatures  about 
one  inch  apart.  Even  douldy  ligated  uterine  sacs  in  castrated  rabbits  be¬ 
came  filled  with  fluid  ( 13). 

Ligation  of  the  uterine  cervix  of  mice  (14),  rats  (15),  hamsters  (14)  and 
dogs  (11)  also  results  in  uterine  fluid  accumulation.  By  puncturing  the 
uterus  at  various  intervals  as  much  as  100  ml.  of  fluid  has  been  obtained 
from  a  single  mouse  during  a  year’s  time.  Castration  was  found  to  retard 
the  formation  of  fluid  but  not  prevent  it,  and  injection  of  estradiol  restored 
fluid  formation  (14).  Shih,  et  al.  (11)  obtained  from  7  to  17  ml.  of  fluid  from 
closed  uterine  segments  in  the  dog. 

There  also  have  been  several  investigations  of  the  Inological  properties  of 
uterine  luminal  fluid.  Warren  (15)  studied  the  effects  of  injecting  uterine 
fluid  into  castrated  adult  female  rats.  Five  daily  subcutaneous  injections  of 
2  ml.  failed  to  alter  the  estrus  cycle  of  castrated  animals.  Histological 
examination  of  reproductive  tract,  mammary  gland  and  pituitary  showed 
that  all  tissues  were  typical  of  castrated  animals.  Other  experiments  con¬ 
sidered  the  effect  of  removal  of  uterine  fluid  on  sperm  transport. 

More  recently,  Homburger,  ct  al.  (10)  studied  various  biological  actions 
of  uterine  fluid  collected  from  ligated  uteri  of  mice.  Effects  observed  follow¬ 
ing  intraperitoneal  administration  of  such  fluid  to  mice  include:  (1)  in¬ 
creased  uterine  size  in  castrates;  (2)  decreased  adrenal  size;  (3)  fulminating 
exophthalmos,  retro-ocular  hemorrhage  and  necrotizing  ophthalmia. 

The  partitioning  of  radioactivity  in  uterine  luminal  fluid  from  rats 
injected  with  estrone-lO-C'^  has  been  reported  to  result  in  a  recovery  in 
the  phenolic  fraction  of  approximately  .001%  of  the  total  injected  radio¬ 
activity  (17),  Bioassay  of  this  fraction  by  the  technique  of  Astwood  (IS) 
proved  negative.  The  only  appreciable  radioactivity  was  present  in  the 
a(jueous  residue. 

Broome  and  Lamming  (10)  have  reported  that  fluid  collected  from  the 
ligated  uteri  of  oestrus  rabbits  proved  to  be  excellent  media  for  the  growth 
of  E.  coli  and  Staphylococcus  aureus. 

Reports  have  is.sued  on  the  chemical  constituents  of  uterine  fluid  froi  i 
mice  (14),  rats  (11,  20),  rabbits  (11),  dogs  (11),  pigs  (20)  and  the  cow  (10\ 
Dissimilarities  between  rat  uterine  luminal  fluid  and  plasma  have  bec  i 
reported  for  protein  composition  (21)  and  potassium  content  (20). 

The  work  reported  here  was  undertaken  to  extend  our  knowledge  of  tl  e 
chemical  composition  of  rat  uterine  fluid  and  possibly  identify  componen  s 
which  would  distinguish  it  from  other  body  fluids. 

METHODS 

fomalo  rats  of  the  Harvard  strain  (250  gm.)  were  us(*d  throughout  t’  s 
study.  Uterine  luminal  fluid  was  collected  from  animals  during  normal  proestrus  a  1 
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from  7-(lay  i)ostovaricctomiz(‘(l  rats  injected  with  oitlior  cstroiu'  (5  /ij;.  day  3  days), 
estradiol  (1  <li‘y.  days)  or  ostriol  (0.5  mR.  day  3  days).  .Ml  steroids  were  dissolvetl 
in  sesame  oil  and  a  volume  of  0.2  ml.  injeeted  daily.  On  the  fourth  day,  fluid  was  with¬ 
drawn  from  the  distended  uteri  by  syrinK*'  to  avert  eontamination  with  blood.  For  most 
determinations,  the  pooled  fluid  from  three  to  five  animals  was  adequate. 

Fluid  from  SO  to  120  estroRen-t rented  animals  was  pooled  for  eaeh  eleetro|)horetie 
determination.  Care  was  taken  to  maintain  the  fluid  at  appro.ximately  5°  ('.  duriiiR  the 
extended  eolleetion  i)eriod.  'fhe  small  jirotein  eontent  of  uterine  fluid  recpiired  that  it  h(> 
eoneentrated  before  analyses.  This  was  aeeomplished  by  dialysis  in  the  eold  aRainst  20% 
elinieal  dextran.  The  volume  and  ])rotein  eoneentration  of  fluid  obtained  from  indivitlual 
normal  adult  female  rats  with  liRatures  around  eaeh  braneh  of  the  Renital  traet  at  the 
uterotubal  junction  and  at  the  cervix  were  sufficient  for  conductiiiR  direct  analysis. 

Hlood  was  obtained  by  direct  heart  i)uncture  with  a  he])arinized  syrinR(>,  and  im¬ 
mediately  centrifuRcd  in  the  cold.  The  jjrotein  concentration  of  the  iflasma  was  adjusted 
to  1%  with  appro])riate  buffer  for  electroidioretic  studies. 

Sami)les  of  either  uterine  fluid  or  plasma,  each  adjusted  with  barbiturate  buffer,  pH 
S.t),  r  2  =  0.1  to  approximately  1%  protein,  were  dialyzed  with  constant  stirriiiR  aRainst 
1  liter  of  the  buffer  at  4°  ('.  for  10  hours.  .MoviiiR  boundary  electrophoresis  was  i)er- 
formed  in  a  Perkin-Elmer  model  38  instrument  usiiiR  a  2  ml.  cell  under  the  followiiiR  con¬ 
ditions;  current:  S.l  ma.;  potential  Rradient:  api)roximately  10.5  V  cm.;  temperature; 
api)roximately  2.4°  time:  3,000-7,200  seconds.  MiRration  for  each  comixment  was 
measured  from  the  descendiiiR  pattern  photoRraph  and  the  mobility  comi)uted  (22). 
The  ])ercentaRe  composition  for  each  comi)onent  also  was  calculatc'd. 

Total  nitroRCMi  di'terminations  W(‘n‘  mad(‘  by  nesslerization  after  diRcstion  in  a 
selenium-sulfuric  acid  mixture..  Samples  were  dried  in  the  oven  at  100-120°  C  overniRht 
for  the  calculation  of  dry  weiRhts.  Protein  was  determini'd  by  the  biuret  nu'thod  of 
(lornall,  ei  al.  (23).  Sodium  and  i)ota.ssium  concentrations  w(Te  estimated  from  flame 
pliotometric  measurements.  .V  micro  Rlass  electrode  was  used  to  determine  pH.  This 
measurement  was  made  immediately  ui)on  aspiration  of  the  uterine  fluid.  .Analyses  also 
were  conducted  for  jihospliorus  (24).  /J-Cllucuronidase  was  (piantitated  by  the  nndhod 
of  Talalay,  et  al.  (25).  .Mkaline  ])hosi)hatase  and  acid  phosphatase  were  determined  by  a 
modification  of  the  method  of  Schmidt  and  Thannhauser  (20). 

luRated  uti'ri  (free  of  fluid)  were  fixed  in  Houin’s  solution,  washed,  imbedded  in  para¬ 
ffin,  sectioned  and  stained  with  hematoxylin  and  eosin  for  histoloRical  e.xamination. 

RESULTS 

Uterine  luminal  fluid  is  a  slightly  opalescent,  colorless  licpiid  which 
contains  an  occasional  lymphocyte.  On  microscopic  examination,  the  only 
(onsistent  structures  noted  were  black  granules.  These  were  not  further 
identified.  Shih,  ct  nl.  (11)  mentioned  an  occasional  epithelial  cell  on  micro¬ 
scopic  examination. 

The  mean  volume  of  uterine  fluid  collected  during  proestrus  was  0.117  ml. 

Table  1).  Estradiol  (1  mS-  day  ,  3  days)  and  estrone  (o  (\‘dy/'A  days) 
r  esulted  in  similar  volumes,  while  estriol  (O.o  mg.  day  3  days)  resulted  in 
:  mean  volume  approximately  twice  that  observed  with  estrone  or  estra- 
I  iol.  Appreciably  greater  volumes  of  fluid  were  obtained  from  rats  with 
■  gated  uteri;  the  amount  tending  to  increase  as  the  period  of  ligation  was 
<  xt ended  (Table  1). 

Points  of  .similarity  in  the  fluids  collected  during  proestrus  and  estrone  or 
'  driol  stimulation  were  the  content  of  water,  pll,  total  nitrogen,  protein 
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Table  1.  ('omposition  ok  kat  i  teri.ne  lkmixal  kli  id 

Treatment 

Mea^mreiiietit  l.if'ated  (days) 


Pr(K*strus* 

Kstradiol* 

hstrone* 

Kstriul* 

45t 

oot 

:)60t 

Volume  (ml.) 

0.37 

(0.1-tJ.!») 

H.24 

(H. 05-0. 7) 

0.38 

(0.23-0.6) 

0.80 

(0.2-2. 1) 

3.8 

4.6 

8.8 

Water  (mg.  ml.) 

i»87 

(1)70-91M)) 

087 

(068-005) 

084 

(080-1000) 

087 

(060- 1005) 

062 

058 

040 

pH 

-- 

7.54 

(7.42-7.70) 

7.57 

(7.40  7.80) 

7.58 

(7.50-7.70) 

7.44 

7.50 

7.50 

Total  Nitn)gen  (mg.  ml.) 

0,41 

(0.30  4),. 16) 

0.78 

(0.64  0. (Ml) 

0.41 

(0.36-0.51) 

0.33 

(0.2-0.51) 

2.53 

2.84 

3.06 

Protein  (mg.  ml.) 

— 

3.40 

(3.22-3.68) 

2.36 

(2.20-2.64) 

2.46 

(2.20-2.80) 

15.54 

18.70 

25.0 

lnr>rganie  Phosphortis 
(mg.  ml.) 

H.H2 

(0.01  0.H3) 

0.07 

(0.03-0.11) 

0.02 

(0.01-0.04) 

0.02 

(0.01-0.04) 

0.02 

0.03 

0.02 

Sodium  (mKf|  1.) 

123 

(1(K»  15H) 

113 

(107-110) 

108 

(03-120) 

114 

1105-140) 

123 

118 

119 

Potassium  (mKq  1.) 

42 

(33  55) 

37 

(36  38) 

40 

(40  51) 

56 

(53  61) 

41 

46 

43 

*  Kaeh  value  repivs^mts  the  mean  of  at  least  3  detorminaliona  (ran^zel. 
t  Single  determinations. 


and  phosphorus  (Table  1).  Thougli  estradiol  stimulation  resulted  in  similar 
water  and  pll  values,  the  amounts  of  total  nitro}»;en,  protein  and  phospho¬ 
rus  were  greater  than  observed  in  fluids  from  estrone  or  estriol  treated 
animals.  The  values  for  water  content  and  pH  are  comparable  to  those 
reported  for  fluid  obtained  from  stilbestrol-stimulated  rats  (11).  Average 
pH  values  for  uterine  fluids  from  other  species  include  dog,  (i.09  (11)  and 
rabbit,  7.7S  (11).  Hall  (27)  reported  an  increase  in  pH  of  uterine  fluid  from 
rats  and  mice  upon  the  onset  of  estrus.  Low  levels  of  phosphorus  have  also 
been  noted  in  dog  and  rabbit  uterine  secretions  (11). 

Fluid  from  normal  animals  whose  uteri  had  been  ligated  differs  from  that 
obtained  from  rats  in  proestrus  or  receiving  estrogens  as  evidenced  by  the 
lower  water  content  and  higher  concentration  of  nitrogen  and  protein 
(Table  1).  Xo  differences  were  noted  for  either  pH  or  phosphorus  content. 
Though  discussion  of  data  involving  a  single  determination  must  be  recog¬ 
nized  as  tenuous,  it  is  apparent  that  extension  of  the  period  of  ligation 
results  in  increased  nitrogen  and  protein  concentrations. 

The  distribution  of  electrolytes  in  all  samples  of  luminal  fluid  studied 
indicates  that  it  is  more  than  a  mere  ultrafiltrate  of  plasma.  Mean  values  of 
analyses  are  presented  in  Table  1.  The  mean  concentration  of  sodium  in 
uterine  fluid  for  all  treatments  ranged  from  108  to  128  niEq  1.  (plasma 
110-140  mK(i/l.).  Potassium  concentrations,  on  the  other  hand,  wen 
approximately  ten  times  those  found  in  plasma  (4  mKq  1.).  Uterine  flui( 
concentrations  of  sodium  and  potas.sium  are  comparable  to  those  previ 
ously  reported  by  Howard  and  I)e  Feo  (20). 

.\  comparative  study  was  made  of  the  biologically  active  proteins,  /i 
glucuronidase  and  alkaline  and  acid  phosphatases  in  uterine  fluids  o 
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Table  2.  Enzymatic  activity  ok  hat  i  tehine  i.cminal  ki.i  id* 


Tn* 

atment 

Enzyme 

Est  rone 

Estriol 

I.igated 
(45  days) 

Plasma 

/J-dliieuronidaset 

Alkaline  IMiosphataseJ 

.\ci<I  I’liosphataseJ 

15 

(i:{-18) 

()5l 

(41)5-1218) 

none 

(> 

(4-7) 

21)1 

(UH)-482) 

none 

81) 

(27  2:10 1 
lOK) 

(805-111)0) 

none 

1  .8 

(0.0 -8.0) 
148 

(84-180 > 

*  Eacli  value  rejireseiits  the  mean  of  six  determinations  (ranne). 

t  Micronrams  phenolphthalein  liberated  by  one  ml.  of  luminal  fluid  in  one  hour  at  ;{8°  C 
from  phenolphthalein  glueuronide  at  jiH  4.5. 

t  Mierograms  of  phosphorus  liberated  by  one  ml.  of  luminal  fluid. 

estrone  and  estriol-t rented  rats  and  also  from  rats  with  ligated  uteri  (Table 
2).  Acid  phosphatase  was  absent  from  all  samples  of  uterine  fluid  analyzed. 
Plasma  acid  phosphatase  was  not  measured.  Plasma  values  for  d-shieuro- 
nidase  and  alkaline  phosphatase  were  lower  than  those  observed  for  any  of 
the  above  mentioned  treatments.  The  /:i-glucuronidase  and  alkaline  phos¬ 
phatase  activities  were  higher  in  the  fluids  of  estrone  than  in  estriol-treated 
animals.  Fluid  from  ligated  uteri  exhibited  further  elevated  enzymatic  ac¬ 
tivities. 

The  mobilities  of  the  various  uterine  fluid  and  plasma  protein  fractions, 
along  with  their  relative  concentrations,  are  shown  in  Table  .‘L  All  values 
were  calculated  from  the  descending  electrophoretic  patterns.  IClectro- 
phoretic  patterns  for  plasma  (Fig.  lA  and  B)  show  migrations  for  (it)  and 
120  minutes,  respectively.  Mobilities  for  plasma  protein  fractions  (Table  d) 
are  in  substantial  agreement  with  those  previously  reported  (2S,  20).  In  a 
more  recent  publication  (30),  however,  mobilities  for  alpha-1  gloludin  and 
albumin  were  significantly  greater  than  those  previously  reported. 

The  patterns  for  luminal  fluids  (Fig.  1(,\  1),  !•>,  F^)  show  four  to  five  peaks 
which,  for  purpo.ses  of  comparison,  have  been  numbered  one  to  five  in  order 
of  increasing  mobility  (Table  3).  F'luids  from  estrone-treated  rats  and 
ligated  uteri  fractionated  into  five  components,  while  that  from  animals 
given  estriol  show  four  peaks.  However,  regardless  of  the  treatment,  the 
respective  mobilities  of  the  protein  components  in  luminal  fluid  are  in  good 
igreement  (Table  3).  The  mobilities  of  components  1,  2,  3  and  4  for  all 
( reatments  were  pooled  and  found  not  to  differ  significantly  (PX). ()."))  from 
I  eta,  alpha-2,  alpha-1  globulins  and  albumin  of  rat  blood  plasma,  respec¬ 
tively.  Component  5  of  uterine  fluid  migrates  with  a  mobility  significantly 
exceeding  that  of  albumin. 

\  comparison  of  the  percentage  composition  of  the  protein  components 
'  f  uterine  fluid  indicates  considerable  variation,  not  only  between  treat- 
lents  but  also  between  samples  on  a  single  treatment  (Table  3) ;  therefore, 
mclusions  must,  at  best,  merely  be  considered  subjective.  The  percentage 
imposition  of  fluid  from  estriol  and  estrone-treated  rats  and  animals  with 
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MIGRATION 

Fig.  1.  EU'ctroiiliorotic  jiatterns  of  rat  jilasma  and  utorine  luminal  fluids:  (.V)  rat 
|)lasma,  flO  min.;  (H)  rat  plasma,  120  min.;  ((')  luminal  fluid,  estrono  trcattMl  animals, 
00  min.;  (D)  luminal  fluid,  cstriol  treated  animals,  00  min.;  (E)  luminal  fluid,  5  month 
double  ligated  uteri,  90  min.;  (F)  luminal  fluid,  7l  month  double  lif^ated  uteri,  120  min. 
I  he  spae(‘  in  the  solid  lines  beneath  the  patterns  indicates  the  center  of  the  salt  anomaly. 

uteri  ligated  90  days  appear  comparable;  however,  as  the  period  of  ligation 
is  extended,  the  percentages  of  peaks  1  to  4  approach  those  of  beta,  ali)ha-2, 
jilpha-1  globulins  and  albumin  of  plasma.  There  al.so  is  a  decrease  in  the 
percentage  composition  of  component  5. 

If  one  sums  the  percentage  composition  of  peaks  4  and  for  each  treat¬ 
ment,  the  resultant  mean  of  the  sums  is  o9%  (range  4S-70) :  approximately 
t  le  percentage  compo.sition  of  albumin  in  plasma.  Though  this  similarity 
I  lay  be  fortuitous,  it  may  also  suggest  that  albumin  is  in  some  way  altered 

<  iring  its  passage  through  uterine  tissue  into  the  lumen,  hhizymes  capable 

<  ■  attacking  proteins  have  been  demonstrated  in  rabbit  and  human  uteri 
1  .•  Smith  (.41).  These  are  of  the  type  which  have  been  designated  exopep- 
I  lases;  i.e.,  enzymes  which  are  capable  of  hydrolyzing  peptide  bonds  ad- 
j  cent  to  free  terminal  amino  acid  carboxyl  groups. 
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DISCUSSION" 

TIioukIi  the  literature  on  the  physiology  of  reproduction  contains  nu¬ 
merous  reports  of  the  accumulation  of  fluid  in  the  uteri  of  various  mam¬ 
malian  species,  definitive  data  on  the  origin  of  such  fluids  are  absent.  These 
experiments  were  conducted  with  the  twofold  purpose  of  determining  1) 
the  chemical  composition  of  rat  uterine  luminal  fluid  and  comparing  these 
constituents  with  those  measured  in  blood  plasma,  and  2)  the  influence  of 
estrone,  estradiol,  estriol  and  uterine  ligation  on  the  formation  and  com¬ 
position  of  uterine  fluid. 

l^stradiol  (1  MK-Alay  3  days)  resulted  in  a  mean  volume  of  0.24  ml.  and 
estrone  (.')  days)  in  a  mean  volume  of  0.88  ml.  (Table  1).  Ivstriol 

(0..5  mg.  day/8  days),  however,  produced  a  mean  volume  of  fluid  of  O.SO 
ml.  Though  the  total  dose  of  estriol  is  100  to  oOO  times  the  total  of  estrone 
or  estradiol  administered,  respectively,  increasing  the  dosage  of  the  latter 
two  estrogens  did  not  potentiate  the  accumulation  of  fluid.  Though  dosage 
is  an  important  factor  in  the.se  experiments,  attention  must  also  be  directed 
to  the  nature  of  action  exhibited  by  these  three  estrogens.  Hisaw  (82)  has 
pointed  out  that,  in  general,  the  actions  of  estrogens  on  the  uterus  are  the 
same;  however,  each  has  its  individual  peculiarities.  For  instance,  eiiuilenin 
and  estriol  are  strong  promoters  of  fluid  imbibition  but  are  relatively  weak 
stimulators  of  uterine  growth.  Moreover,  Szego  and  Roberts  (88)  found 
that  in  immature  rats,  the  relative  effectiveness  of  e.strogens  in  promoting 
the  uptake  of  water  by  the  uterus  was  of  the  order  of  estriol,  e.stradiol  and 
est  rone. 

Considerable  amounts  of  uterine  luminal  fluid  can  be  obtained  from 
animals  ligated  either  at  the  cervix  or  at  both  the  cervix  and  uterotubal 
junction.  Data  in  this  report  tend  to  indicate  that  the  accumulation  of 
fluid  is  proportional  to  the  period  of  ligation.  Though  most  studies  have 
been  conducted  with  animals  with  intact  ovaries,  several  reports  have 
indicated  that  ligated  uteri  in  castrated  animals  become  distended  with 
fluid  (12,  18,  14). 

Bishop  (12)  has  suggested  that  no  fluid  is  normally  contributed  to  the 
rabbit  genital  tract  from  either  the  peritoneal  cavity  or  the  uterus,  but 
that  the  site  of  origin  is  the  oviduct.  This  conclusion  is  based  upon  the 
inability  of  doubly  ligated  uterine  horns  of  e.strus  or  pregnant  does  to 
accumulate  significant  quantities  of  fluid.  Conversely,  Markee,  et  al.  (.T, 
in  experiments  in  which  the  right  uterine  horn  of  rabbits  was  ligated  clos  “ 
to  each  of  its  ends,  demonstrated  distention  by  accumulation  of  fluid. 
Uterine  fluid  accumulation  has  also  been  demonstrated  in  dogs  prepare  1 
by  proximal  and  distal  ligation  of  the  uterine  horns  (11). 

In  the  studies  reported  herein,  it  is  possible  that  uterine  fluid  obtainr  1 
from  castrated  rats  treated  with  estrogens,  and  in  which  the  uteri  we?  3 
not  ligated,  could  have  originated  in  both  the  oviducts  and  uteri.  Howeve  , 
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the  possil)ility  of  fluid  orisinatins  from  the  oviducts  was  obviated  iu  those 
experiments  in  which  ligatures  were  placed  at  both  the  cervix  and  utero- 
tulial  junction. 

Tlie  low  levels  of  protein  in  luminal  fluid  (().2o-0.Ro%)  collected  from 
estrogen-treated  castrated  rats  and  also  rats  during  proestrus  resemble  those 
of  cerebrospinal  fluid  (.‘14)  and  prostatic  secretion  (45).  Uterine  fluids 
from  the  dog  and  rabbit  were  also  reported  to  have  a  low  protein  content 
(11);  however,  these  fluids  were  collected  from  animals  iiaving  ligated 
uteri.  Fluid  from  rats  having  ligated  uteri  was  appreciably  higher  in  protein 
than  that  observed  in  animals  receiving  estrogens;  moreover,  as  the  period 
of  ligation  was  extended,  the  concentration  of  protein  increased  (Table  1). 

hdectrophoretic  analyses  of  uterine  fluid  proteins  show  a  pattern  similar 
to  that  of  plasma,  and  also  the  presence  of  a  protein  component  possess¬ 
ing  a  mobility  exceeding  that  of  albumin  (Table  4).  Though  mobility 
values  for  protein  components  were  reproducible  in  fluid  samples  regard¬ 
less  of  treatment,  percentage  composition  was  extremely  variable.  Uterine 
fluid  values  for  gamma  globulin  are  not  included  in  our  tabulations  because 
of  considerable  difficulty  in  .separating  it  sati.sfactorily  from  the  salt 
boundary. 

A  component  in  rat  blood  serum  having  a  mobility  greater  than  that 
of  albumin  (approximately  7.7)  has  been  ob.served  by  Heim  (40)  and 
also  by  Shmerling  and  Uspenskia  (40).  The  percentage  composition  of 
this  component  was  le-ss  than  1%.  This  protein  fraction  was  not  observed 
in  the  electrophoretic  patterns  of  plasma  in  studies  reported  herein. 

The  relative  percentage  of  the  rapidly  moving  component  of  uterine 
fluid  is  greater  than  that  of  albumin  both  in  the  fluid  from  estrogen-treated 
animals  and  from  rats  with  uteri  that  had  been  ligated  for  90  days.  How¬ 
ever,  as  the  period  of  ligation  is  extended  to  5  months,  the  fluid  shows  a 
decrea.se  in  the  rapid  component  and  the  composition  of  the  protein  frac¬ 
tions  more  closely  resembles  that  of  plasma  (Table  4).  This  change  in 
composition  may  reflect  the  alterations  in  the  uterine  epithelial  structures. 
With  prolonged  ligation,  areas  of  the  stroma  of  the  endometrium  are  ex¬ 
posed,  making  it  possible  for  interstitial  fluid  to  enter  directly  into  (he 
lumen  of  the  uterus. 

It  is  evident  that  the  activities  of  both  alkaline  phosj)hatase  and 
glucuronidase  in  uterine  fluids  are  substantially  higher  than  those  of 
l>lasma,  lending  further  support  to  the  hypothesis  that  rat  uterine  luminal 
f'uid  is  more  than  a  transudate  of  blood.  The  estrogens  also  appear  to 
(iitfer  in  their  ability  to  induce  elevated  enzyme  levels  in  uterine  flui<l 
I  Table  2).  While  estriol  is  more  efficacious  in  the  promotion  of  fluid  imbi- 
1  ition  than  estrone,  it  is  less  capable  of  increasing  enzyme  activity.  These 
(  ifferences  in  enzymatic  activity  may  again  reflect  the  relative  effective- 
1  'ss  of  these  steroids  to  stimulate  uterine  growth.  It  has  been  suggested 
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that  the  increase  in  uterine  activity  of  (i-glucuronidase  during  estrogen 
stimulation  is  associated  with  growth  of  the  uterus  (37).  Moreover,  the 
injection  of  estrogens  has  l)een  shown  to  induce  an  increase  in  tlie  alka¬ 
line  phosphatase  of  uterine  epithelium,  circular  muscle  and  glands  (38). 

The  absence  of  acid  phosphatase  in  uterine  fluid  was  not  surprising. 
Deane  and  Dempsey  (30)  histochemically  localized  acid  phosphatase  in  the 
(lolgi  region  of  the  uterine  epithelium  of  the  pregnant  cat  and  cow;  how¬ 
ever,  this  phosphatase  has  not  been  observed  in  the  uterine  epithelium  of 
the  guinea  pig,  rat,  mouse,  or  human  (40). 

Sodium  and  potassium  concentrations  in  rat  uterine  luminal  fluid  col¬ 
lected  during  proestrus  was  the  sul)ject  of  a  report  by  Howard  and  De 
Feo  (20).  The  potassium  ranged  from  35  to  40  mI’Ai  1.  Howard  and  De 
Feo  (20)  conclude  that  “the  fluid  in  the  resting  uterine  lumen  is  a  secre¬ 
tion  rather  than  a  transudate  from  plasma”  since  sodium  in  plasma  and 
uterine  fluid  is  similar  while  potassium  levels  are  elevated  some  tenfold. 
One  point  recpiiring  further  investigation  to  prove  this  hypothesis  is  an 
explanation  as  to  why  the  fluid  from  animals  ligated  4  or  5  months  retains 
its  high  potassium  concentration,  since  by  histological  assessment,  the 
glandular  epithelium  has  disintegrated.  It  must  also  be  remembered  that 
this  high  concentration  of  potassium  may  again  be  a  reflection  of  changes 
occurring  in  the  surrounding  uterine  tissue,  since  Cole  (41)  has  reported  a 
pronounced  increase  in  intracellular  potassium  in  the  uteri  of  rats  follow¬ 
ing  the  injection  of  estradiol. 
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THK  “LIGHT  C'KLLS”  OF  THE  THYROID 
GLAND  IN  THE  RAT* 

M.  STFX,  R.  THOMPSON, H.  ISLER*  and  C.  P.  LEBLONl) 

l)( pnrtincnt  of  Anntoniij,  McGill  rniversilij,  Montreal,  Canada 

ABS’i'RAC'T 

Shortly  after  an  injection  of  tliyrotrophie  hormone,  all  follieular  eells  (tf  the 
thyroid  f^land  of  the  rat  eontftin  nninerous  intraeytoplasmie  eolloid  <lroplet!S, 
whereas  a  few  eells — referred  to  as  lijtht  eells — do  not  contain  any.  In  the  yoniif? 
rat.  this  brief  tliyrotrophie  hormone  tnaitment  is  essential  for  the  identification 
and  eonntiiiK  of  lifjht  eells.  In  tlu'  old  rat,  howeviT,  the  jiresenee  of  many  eolloid 
droplets  and  densely  stained  material  in  its  follicular  eells  makes  the  use  of  the 
hormone  superfluous. 

With  most  stainins?  teehniipies,  the  liftht  eells  show  a  large,  pale  nucleus  and 
a  faintly  stained  cytoplasm.  They  are  all  loeateil  within  follicles,  but  are  not  in 
contact  with  the  eolloid.  They  lie  .singly  or  in  small  groups  between  the  follie¬ 
ular  eells  and  the  basennmt  membraiu',  or  among  the  follieular  eells,  but  even 
in  this  ease  they  are  separated  from  the  eolloid  by  a  layer  of  follieular  cell 
eytoi)lasm. 

'I'he  light  eells  are  distributed  in  the  two  thyroid  lobes,  chiefly  in  the  follicles 
of  the  central  region,  but  are  abscmt  from  the  isthmus.  Their  number  is  small, 
one  or  a  few  per  cent  of  the  total  i)oi)ulation  of  epithelial  eells.  This  jiroportion 
does  not  change'  with  age,  so  that  the  populations  of  follienlar  and  light  eells 
must  increase  at  the  same  rate  throughout  life. 

Since  light  eells  are  within  follicles,  they  are  considered  to  be  epithelial  in 
nature  and.  therefore,  are  neither  ganglionic  eells,  parathyroid  eells  nor  em¬ 
bryonic  cell  rests,  as  assumed  by  some  atithors.  The  light  cell  may  be  looked 
ui)on  as  a  cell  sjjceies  in  its  own  right,  although  it  is  jmssiblc  that  it  originates 
from  the  follieular  cell. 

SINCl*'.  tlie  thyroid  i.s  composed  of  follicles  embedded  in  connective 
ti.s.sue,  the  cell  population  of  the  gland  is  composed  of  epithelial  cells 
lining  the  follicle — or  folliculeir  cells — and  of  connective  tissue  cells.  In  addi¬ 
tion  it  has  been  repeatedly  reported  (see  review  in  ref.  21)  that  large,  pale 
staining  cells — hereafter  referred  to  a.s  lighl  cells  loay  also  be  present. 
However,  the  existence  of  these  cells  has  been  (piestioned  (21).  Indeed,  out 
of  five  histology  textbooks  published  after  1950  (4,  10,  15,  14,  25),  only  two 
mention  light  cells  (15,  14). 

Our  group  became  interested  in  the  problem  when  thyroid  tumors  were 
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induced  in  rats  fed  a  low  iodine  diet  for  about  a  year  (2,  17,  IS).  The  tumors 
were  mainly  of  two  types;  one  composed  of  polarized  cells  hearing;  a  re¬ 
semblance  to,  and  therefore  assumed  to  originate  from,  the  follicular  cells, 
and  the  other  composed  of  large,  pale,  unpolarized  cells,  the  origin  of  which 
was  not  known.  However,  the  thyroids  of  the  control  rats  ingesting  an 
afle{piate  amount  of  iodine  showed  not  only  the  follicular  cells,  which  in 
these  old  animals  were  heavily  stained  and  rich  in  colloid  droplets,  but  also 
large  cells  with  pale  nuclei  and  a  lightly  stained,  droplet-free  cytoplasm, 
which  appeared  to  be  the  cells  described  by  previous  authors  under  various 
names  (21)  and  referred  to  here  as  light  cells.  They  were  similar  to  the  cells 
making  up  the  second  type  of  tumor  and  therefore  were  felt  to  be  the 
source  of  these  tumors  (2,  17,  IS). 

While  the  contrast  with  heavily-stained  and  droplet-laden  follicular  cells 
made  light  cells  conspicuous  in  old  rats,  young  animals  had  few  droplets 
and  little  heavily  stained  material  in  their  follicular  cells,  so  that  all  cells 
presented  more  or  less  the  same  appearance.  Very  few  of  the  cells  could  be 
considered  to  be  light  cells,  and  therefore  it  was  not  obvious  whether  or  not 
light  cells  occurred  in  all  young  rats. 

Some  time  ago,  de  Kobertis  showed  that  colloid  droplets  are  readily  in¬ 
duced  in  thyroid  cells  by  a  single,  large  dose  of  thyrotrophic  hormone  (7). 
It  was  reasoned  that,  under  these  conditions,  light  cells  might  not  produce 
colloid  droplets,  and  thus  would  be  easily  distinguished  from  the  droplet- 
containing  follicular  cells.  This  was  found  to  be  the  case,  and  the  absence 
of  droplets  became  the  basis  of  a  method  for  light  cell  identification  and 
investigation. 


M.VrERI.\L  .\ND  .METHOD 

I (kntiJUntion  of  light  cells 

'I'liyrotrophic  hormone  (Xonlic  Hiochemiciils,  Montreal)  was  dissolved  in  distilled 
water  and  injeeted  intraperitoneally  into  female  albino  rats  (lloltzman).  The  animats 
were  sacrificed  by  exposure  to  ether,  and  the  trachea,  with  the  thyroid  attached,  was 
li\(‘d  in  Bonin’s  fluid,  seetiomal  and  stained  with  periodic  aeid-Sehiff  and  hematoxylin. 
'I'he  thyroids  were  examined  in  animals  sacrificed  after  administration  of  various  doses 
of  hormone  and  at  various  times  after  injection,  as  indieatecl  in  the  results. 

(finntitnlive  estiointion  of  light  cells 

From  each  thyroid,  a  urouj)  of  3  serial  sections,  o  or  fi  n  in  thickness,  was  stained  with 
pt-riodic  aeid-Sehiff  and  hematoxylin.  I’hotomierof'raphs  of  the  center  of  the  second  sec¬ 
tion  were  made  by  direct  i)rojeetion  of  the  slide  on  |)hotoKrai)hie  paper  (bromide  printing 
p  l)er)  so  as  to  obtain  a  negative  imane  (X400)  showin>;  every  nueleus  individually. 

F.aeh  cell  apix'aring  on  the  si'cond  section  ((“xeept  of  course*  eonneetive  tissue*  e*e*lls) 
w.is  examine*el  under  the  miereeseeepe*.  If  the  cytoplasm  e*e)ntaine*d  eedleeiel  dre)])le*ts,  its 
ii'ieleus  was  re'eorele*el  on  the  phe)te)graph  as  belemf^ins  to  a  feellieular  e*e*ll.  If  it  diel  ned, 
t!  (*  ee*ll  uneler  study  was  traee*el  in  the  two  adjacent  se*etie)ns,  and  if  a^ain  ne)  eedleeid 
(I  oplets  were  seen,  it  was  ree*e)rele*el  as  a  liftht  e*e*ll. 

In  each  thyroid  a  tedal  e»f  l.oOO  te>  4()()()  nuclei  were  thus  ide*ntifie*il  and  reee)rde*d  on 
p  otographs.  The  rath)  of  light  to  follicular  e*ells  was  then  ealculateel. 
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RESULTS 

Thyroid  glands  of  young  and  old  untreated  rats 

ICxamination  of  thyroid  ^liinds  of  young  untreated  female  rats,  aged  one 
month  (121-132  fjm.  body  weipilit)  or  i  months  (220-2()()  sm.  body  weight), 
revealed  the  well  known  arrangement  in  follicles;  each  one  of  them  was 
separated  from  connective  tissue  by  a  basement  membrane.  As  in  other 
locations,  the  basement  membrane  is  a  thin  layer  of  connective  tissue  mate¬ 
rial  separating  the  epithelial  cells  of  the  follicle  from  the  surrounding  loose 
connective  tissue  and  blood  vessels.  It  differs  from  this  connective  tissue  by 
its  stainability  with  periodic  acid-Schitf  and  reticular  fiber  techni(jues  (11). 
\\'ithin  the  basement  membrane,  cuboidal  or  columnar  epithelial  cells 
surrounded  the  “colloid”  filling  the  lumen  (Fig.  1).  The  nuclei  of  these 
cells  were  moderately  basophilic,  while  the  slightly  basophilic  cytoplasm 
had  a  clear  appearance  and  occasionally  contained  a  few  minute  spherical 
inclusions  staining  purple  with  the  periodic-acid-Schiff  technique -the 
colloid  droplets  (arrow  I),  Fig.  1).  Under  proper  staining  conditions,  the 
apical  region  was  characterized  by  the  minute  cross-sections  of  the  terminal 
bars  at  the  junction  with  neighboring  cells.  The  basal  region,  which  con¬ 
tained  the  nucleus,  was  in  contact  with  the  basement  membrane.  These 
cells  were,  therefore,  polarized.  They  were  the  follieular  eells.  Occasionally, 
these  cells  appeared  in  multiple  layers,  as  would  be  expected  in  tangentially 
sectioned  follicles. 

In  a  few  follicles,  small  groups  of  cells  lying  between  a  layer  of  follicular 
cells  and  the  basement  membrane  showed  a  large  nucleus  and  a  rounded 
outline,  but  otherwise  did  not  differ  much  from  the  other  cells.  They  were 
not  conspicuous  since  their  cytoplasm  had  a  pale  appearance  similar  to  that 
of  the  other  cells,  and  for  the  majority  of  them,  it  could  not  be  decided  on 
histological  examination  whether  they  were  .similar  to  or  different  from 
follicular  cells. 

In  the  thyroid  glands  of  old  rats,  aged  14  months  (30o-85o  gm.  body 
weight),  the  cells  in  contact  with  the  colloid  contained  numerous  colloid 
droplets  (Fig.  3)  and  had  a  more  heavily  stained  cytoplasm  (Fig.  4)  than  in 
young  rats,  but  like  those  in  young  rats  the.y  were  cuboidal  or  columnar 
and  displayed  terminal  bars  whenever  two  of  them  joined.  These  cells  wen' 
obviously  follicular  cells. 

The  thyroids  of  old  rats  also  had  cells  of  another  type,  which  did  no: 
contain  colloid  droplets  and  were  larger  on  the  average  than  follicular  cell 
(Fig.  3,  L).  Instead  of  a  well  defined  cuboidal  or  columnar  arrangement, 
they  were  not  polarized,  displayed  no  terminal  bars  and  their  shape  varied 
considerably.  They  often  had  a  smooth  circular  or  oval  outline  (Fig.  4)  bir 
occasionally  were  polygonal  or  spindle  shaped  (Fig.  5).  When  these  celb 
lay  singly  among  follicular  cells,  their  limits  were  precise  (Fig.  5),  but  whe  i 
they  were  arranged  in  groups,  the  cell  membranes  separating  them  froi  i 
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Fig.  1.  Tliyroid  of  an  untreated  3  month  ohi  rat.  The  center  of  the  picture  sliows  a 
follicle  containing  dark  staining  colloid  and  surrounded  by  a  basement  membrane.  The 
intracytoplasmic  colloid  droplets  (D)  are  few.  Periodic  acid-Schiff  and  hematoxylin. 
XS61 

Fig.  2.  Thyroid  of  a  3  month  old  rat  90  minutes  after  th\Totropliic  hormone  injection. 
'I'he  follicular  cells  contain  abundant  colloid  droplets  (D).  On  the  left,  two  light  cells 
I.,)  are  contrasting  by  their  lack  of  droplets.  Periodic  acid-SchilT  and  hematoxylin.  XSOl 

<  lie  another  were  hazy  (Fig.  4).  Their  nuclei  were  round  and  usually  larger 
liian  those  of  epithelial  cells  (Fig.  4)  and  often  contained  an  unstained 
'  acuole.  Mitoses  of  these  cells  were  seen,  but  only  seldom.  Their  cytoplasm 
1  as  lightly  stained,  did  not  contain  colloid  droplets  and  appeared  homog- 

<  lous,  although  a  small  basophilic  ma.ss  was  occasionally  seen.  These 
1  tipolarized  cells  were  the  light  cells. 

The  light  cells  were  located  among  the  droplet-laden  follicular  cells  or 
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I  Fig.  ().  Schematic  rcjiresciitation  of  a  ffioup  of  lisht  cells  which,  in  the  plane  of  section 

ajipear  as  a  discrete  cluster  of  3  cells  surrounded  by  a  basement  membrane  and  located 
between  follicles  (in  apiiarent  inter-  or  parafollicular  jiosition).  However  the  basement 
membrane  envelojiing  these  cells  is  continuous  with  that  of  the  follicle  situated  im¬ 
mediately  below.  Thus  the  3  lif'ht  c(‘lls  are  not  inter-  or  jiarafollicular,  but  are  really 
intrafollicular.  This  was  found  to  be  true  in  all  instances. 

between  these  cells  and  the  basement  membrane.  They  were  separated 
from  direct  contact  with  the  colloid  by  a  whole  follicular  cell  or  by  a  layer 
of  its  cytoplasm.  Occasionally,  a  section  showed  a  group  of  light  cells 
appearing  to  be  in  an  interfollicular  position.  A  basement  membrane  .sur¬ 
rounded  such  a  group.  When  three  dimensional  models  were  built  from 
serial  sections  (19),  the  basement  membrane  was  found  to  be  continuous 
with  that  of  a  follicle,  so  that  these  apparently  discrete  groups  of  light 
cells  were  actually  contained  within  a  follicle  (Fig.  (>). 

Thyroid  glands  of  young  rats  injected  with  thyrotrophic  hormone 

One  month  old  rats  (120-185  gm.  body  weight)  and  4-month  old  rats 
200-270  gm.  body  weight)  were  injected  respectively  with  8  and  5  U.S.P. 

Figs.  S-.i.  Thyroid  of  an  untreated  1.5  month  old  rat.  The  follicular  cells  contain 
bundant  colloid  droplets  (1)).  In  Fig.  3,  upper  right,  the  light  cells  (L)  are  inside  the 
asement  membrane  (M)  of  the  follicle. — Fig.  4  shows  large  round  light  cells  (L)  in 
he  center,  while  T'ig.  o  shows  spindle-shaped  light  cells  (L).  The  heavy  staining  of 
illicular  cells  in  old  rat  is  shown  in  F'ig.  4  in  the  region  at  the  arrow  1)  and  in  the  follicle 
t  upper  right. 

Fig.  3:  periodic  aeid-Sehiff  and  hematoxylin.  X8G1 

Figs.  4  and  5:  Masson  trichrome.  X975 

.1 _ 
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units  tiiyrotrophic  hormone  and  sacrificed  one  and  a  half  hours  later.  The 
follicular  cells  retained  their  shape,  but  were  slightly  enlarged  and  bulging 
at  the  apex.  Their  cytoplasm  exhibited  numerous  colloid  droplets  which 
stood  out  clearly.  Other  cells  were  completely  free  of  colloid  droplets  and 
displayed  the  characteristic  features  of  light  cells  as  seen  in  old  animals 
(Fig.  2,  L).  It  was  concluded  that,  while  light  cells  were  not  readily  seen  in 
untreated  1-  and  4-month  old  rats,  their  presence  could  be  demonstrated  by 
the  lack  of  droplets  after  thyrotrophic  hormone  injection.  In  fact,  the  iden¬ 
tification  of  light  cells  after  thyrotrophic  hormone  treatment  was  found  to 
be  so  reliable  that  they  could  be  counted  accurately.  The  light  cell  problem 
could  therefore  be  investigated  objectively  by  quantitative  methods. 

Colloid  droplet  response  and  light  cell  identification  at  various  time  intervals 
after  thyrotrophic  hormone  injection 

Since  the  method  for  identifying  light  cells  relied  on  their  lack  of  colloid 
droplets,  it  was  important  that  the  thyroid  be  examined  under  conditions 
when  the  follicular  cells  would  contain  a  large  number  of  droplets.  The 
optimum  time  at  which  this  occurs  after  thyrotrophic  hormone  injection 
was  determined  as  follows. 

Five  groups  of  three-month  old  (20S-242  gm.  body  weight)  albino  rats 
were  each  given  a  .single  intraperitoneal  injection  of  thyrotrophic  hormone 
(20  U.S.P.  milliunits  per  gm.  body  weight)  and  .sacrificed  30,  00,  90,  ISO  and 
300  minutes  later  respectively.  .\  sixth  group  serving  as  control  was  given 
distilled  water  and  sacrificed  30  minutes  later.  Transver.se  section  from  the 
middle  portion  of  the  thyroid  were  examined  in  the  usual  manner.  Both 
light  and  follicular  cells  were  counted  on  sections  from  animals  .sacrificed  at 
90  and  ISO  minutes.  The  number  of  colloid  droplets  was  determined  by  a 
modification  of  the  method  advocated  by  Del  Conte  and  Vasena  (o).  Three 
follicles  among  the  richest  in  droplets  were  selected  from  each  lobe.  The 
colloid  droplets  in  each  follicle  were  then  counted  with  the  microscope 
focused  on  the  plane  with  the  greatest  number  of  colloid  droplets.  The 
number  of  nuclei  in  the  follicle  was  recorded  and  the  average  number  of 
droplets  per  nucleus  was  calculated. 

The  re.sults  (Table  1)  showed  that  the  concentration  of  colloid  droplets 
increased  steadily  up  to  3  hours  after  thyrotrophic  hormone  injection  and 
then  decreased.  Thus,  the  colloid  droplet  response  was  most  inten.se  and 
uniform  during  the  period  extending  from  I5  to  3  hours  after  thyrotrophic 
hormone  injection.  During  this  period  all  cells  which  were  free  of  droplets 
also  showed  the  other  characters  of  light  cells,  and  these  cells  could  be 
readily  identified.  Estimation  of  the  frequency  of  these  cells  at  I5  and  : 
hours  yielded  very  close  figures,  namely  2.65  and  2.57  light  cells  respec¬ 
tively  for  100  follicular  cells.  Since  towards  the  third  hour  and  later  tlr 
shape  of  the  cells  and  of  the  follicles  was  occasionally  distorted,  the  interva 
of  1 1  hours  was  selected  for  routine  work. 
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Table  1.  Colloid  droplet  response  at  various  times  after  injection  of 

20  C.S.F.  MILLUNITS  PER  GM.  BODY  WEIGHT  OF  THYROTROPIIIC  HORMONE 


Time  after  tliyro- 
tropliic  iionnoiie  j 
iiijeetioii  (minutes) 

Number  of 

Number  of  droplets  per  eell 

1  rats 

•Meaii+S.E.  | 

p* 

eontrol 

8 

0.4410.24  ! 

■M 

8 

2.58+0.25 

<0.001 

(U) 

7 

2.78+0.54 

0.001 -0.01 

90 

8 

4.5:t  +0..58 

1  <0.001 

180 

(> 

0.25 +0.80 

;  <0.001 

:t«o 

0 

8.49+0.27 

j  <0.001 

*  Comparison  with  controls. 


Colloid  droplet  response  and  light  eell  identijieation  after  various  doses  of 
thyrotrophic  hormone 

The  minimal  do.se  of  thyrotrophic  hormone  producing  enough  colloid 
droplets  in  follicular  cells  for  a  reliable  enumeration  of  light  cells  was  deter¬ 
mined  in  d-month  old  rats.  A  preliminary  experiment  showed  that  increa.s- 
ing  the  dose  from  20  to  SO  mu.  per  gm.  body  weight  did  not  increase  the 
intensity  of  the  response  nor  improve  the  conditions  for  counting  light  cells, 
riien  lower  doses  were  investigated.  Six  groups  composed  of  0  rats  each 
weighting  from  192  to  288  gm.  were  given  a  single  injection  of  0,  0.001, 0.1, 
1.0  and  10  mu.  thyrotrophic  hormone  per  gm.  body  weight  respectively, 
and  were  sacrificed  \\  hours  thereafter.  Sections  from  the  middle  portion 
of  the  thyroid  were  prepared  and  stained  in  the  usual  manner. 

In  the  thyroids  of  the  rats  receiving  0.01  mu.  thyrotrophic  hormone  per 
gm.  or  less,  very  few  droplets  were  seen  (0.8  0.9  per  cell  in  the  richest  fol¬ 
licles:  Table  2).  The  majority  of  follicular  cells  did  not  contain  any  and  only 
a  few  light  cells  could  be  identified  with  certainty. 

In  the  animals  receiving  0.1  mu.  per  gm.  body  weight,  the  droplets  were 
more  abundant  (2.4  droplets  per  cell  in  the  richest  follicles)  and  were  more 
uniform  than  with  0.01  mu.  Hut  not  all  follicular  cells  showed  droplets,  so 
iliat  light  cell  identification  was  not  fully  reliable.  With  1.0  mu.  thyrotro¬ 
phic  hormone  however,  the  response  was  very  intense  and  uniform  (0.4 
droplets  per  cell)  and  the  light  cells  could  be  readily  recognized.  A  higher 
dose  of  thyrotrophic  hormone  (10  mu.)  did  not  significantly  increase  the 


Table  2.  Colloid  droplet  response  after  various  doses  of  thyrotrophk;  hormone 


lose  thyrotrojihie  hormone  ' 
T’.iS.P.  milliunits  jier  gm. 
body  weight) 

Number  of  droplets  jier  eell 

-Mean  IS. E. 

1** 

0  ] 

0.88+0.27 

0.001 

0.91+0.28 

0.8  -0.9 

0.01 

0.88+0.24 

0.8  -0.9 

0.1 

2.42+0.81 

0.001-0.01 

1  .0 

,  0.87+0.94 

1  0.001 

10.0 

1  7.00+0.58 

0.001 

Conip.irison  with  oontrols. 
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droplet  respon.se,  nor  improve  the  conditions  for  the  counting  of  light  cells. 

These  results  indicate  that  the  minimum  do.se  inducing  a  colloid  droplet 
respon.se  intense  enough  for  a  reliable  e.stimation  of  the  liglit  cell  number 
lies  between  0.1  and  1.0  mu.  thyrotrophic  liormone  per  gm.  body  weight. 
In  fact,  in  another  experiment  a  do.se  of  0.0  mu.  produced  a  droplet  re- 
spon.se  as  intense  as  at  the  1.0  level,  and  yielded  a  figure  for  light  cells  which 
was  not  significantly  different  from  that  ol)tained  by  injection  of  20  mu. 
per  gram  (Table  o).  Tlierefore  the  do.se  of  1.0  mu,  per  gm.  body  weight 
has  l)een  used  in  recent  experiments  and  was  found  adequate. 

Distribution  of  light  cells  in  the  thyroid  gland 

It  has  been  mentioned  repeatedly  in  tlie  literature  (S,  27,  29)  tliat  light 
cells  are  not  evenly  di.stributed  in  the  gland,  but  predominate  in  the  center 
of  the  lobes.  Since  this  conclusion  was  based  on  (pialitative  observations,  it 
was  decided  to  reexamine  the  distribution  of  light  cells  using  our  (piantita- 
tive  method.  Six  rats  were  injected  with  thyrotrophic  hormone  (20  mu.  per 
gm.  l)ody  weight)  and  sacrificed  90  minutes  thereafter.  Transverse  serial 
sections  of  the  whole  gland  were  cut  at  0  m-  At  every  fiftieth  section  (that 
is,  every  iiOO  n),  a  ^et  of  three  consecutive  sections  was  mounted  and 
stained.  Light  cells  were  then  counted  in  three  sets  taken  at  900  n  intervals 
along  the  longitudinal  axis  of  a  lobe  in  each  animal,  one  set  halfway  be¬ 
tween  the  two  poles,  one  near  the  cephalic  pole  and  the  last  one  near  the 
caudal  pole  (Fig.  7).  The  entire  thyroid  sections  were  reproduced  as  ‘.VX2' 
pilot ographs,  on  whicli  the  po.sition  of  all  light  cells  was  then  recorded. 

Comparison  of  the  three  sets  showed  the  highest  proportion  of  light  cell.^^ 
halfway  between  the  2  poles  (about  1  light  cell  per  100  follicular  cells). 
Near  the  caudal  pole  tliere  were  only  0.34  light  cells  per  100  follicular  cell.-' 
and  near  the  cephalic  pole  there  were  almost  none  (Fig.  7).  No  light  cells 
were  found  in  the  isthmus  joining  the  two  lobes. 

Within  the  section  .situated  halfway  between  the  poles,  light  cells  were 
rather  .scarce  in  peripheral  follicles  and  common  in  the  central  area  (Fig.  S) 
wliere  they  were  chiefly  seen  amongst  small  and  medium  sized  follicles 
although  some  were  in  large  ones.  The  few  light  cells  found  at  the  periphery 
were  usually  not  in  the  follicles  located  immediately  beneath  the  cap.sulc, 
but  in  deeper  ones.  In  summary,  light  cells  were  found  essentially,  althougli 
not  exclusively,  in  the  follicles  making  up  the  core  of  the  thyroid  gland. 

From  the  figures  obtained  at  the  3  levels,  it  was  calculated  that  tin- 
average  proportion  of  light  cells  to  follicular  cells  throughout  the  entire 
thyroid  was  in  the  order  of  0.7%.  Thus,  light  cells  constitute  a  very  sma’l 
fraction  of  the  total  thyroid  parenchyma.  In  the  center  of  the  thyroid  of  th  ■ 
normal  rat  the  proportion  has  been  found  to  be  consistently  between  1  an  I 
2%.  However,  for  .some  unknown  reason,  .several  experiments  (Tables  3, 
and  6)  yielded  consistent  figures  around  5%,  a  significantly  higher  leve  . 
Thus  there  may  be  some  variation  in  the  proportion  of  light  cells  to  fo  - 
licular  cells  in  normal  rats. 
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DISTANCE  FROM  MIDDLE  OF  THYROID  LOBE  ALONG  LONGITUDINAL  AXIS 


Fi^.  7.  Distribution  of  li^bt  cells  in  the  thyroid  shind  aloii};  the  loiiKitudinal  axis  of 
tlie  lobe.  The  hinhest  concentration  is  found  in  the  middle.  Faich  figure  jdotted  is  the 
a'  (‘rage  for  six  animals. 


Since  tlie  middle  portion  of  the  thyroid  lobe  i.s  rich  in  light  cells,  while  the 
poles  are  not,  a  careful  standardization  of  the  .selection  of  sections  to  be 
C'  mpared  is  required  for  reproducible  results  to  be  obtained. 

In  relation  with  the  light  cell  di.stribution  we  have  examined  the  claim 
(  2)  that  light  cells  are  more  abundant  in  the  immediate  vicinity  of  the 
u  imobranchial  body.  This  problem  was  approached  in  two  ways.  The  first 
0  e  consisted  in  comparing  the  proportion  of  light  cells  to  follicular  cells  in 
S'  ‘tions  containing  and  not  containing  the  uitimobranchial  body.  No  cor- 
n  ation  was  found  between  the  numl)er  of  light  cells  and  the  presence  of 
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Fig.  S.  Distribution  of  light  colls  in  two  entire  sections  of  rat  thyroid  lobes.  Eaeii 
black  dot  (grossly  enlarged)  is  a  light  cell.  No  light  cells  were  found  in  the  extreni  ' 
periphery.  Their  distribution  did  not  show  a  correlation  with  the  position  of  the  ult  - 
mobranchial  body  (U). 

this  structure  (Table  8).  The  second  approach  consisted  of  mapping  tli  * 
light  cells  in  entire  transverse  sections  of  the  thyroid  lobe  showing  tl 
ultimobranchial  body,  and  .studying  the  distribution  of  light  cells  relative! 
to  the  ultimobranchial  body,  as  done  in  the  diagrams  in  Fig.  8.  Again  i  ) 
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Table  3.  C'oxcentration  ok  light  cells  ix  the  vicixity  ok  the 

l  LTIMOBRAXCHIAL  BODY 


Number  of  light  ec'lls  per  100 

Tliyroid  tissue  ! 

Number  of  rats 

follieular  eells 

_ 

1 _  _ _ 

Mean  ±S.K. 

('oiitrol  area 

(> 

5. 2+0. 8 

U.B.H.  area 

() 

4.3±0.7 

relationship  was  noted  between  the  position  of  this  structure  and  that  of 
li{?ht  cells. 

Influence  of  thyroirophic  hormone  on  light  cells 

Since  our  method  for  estimating  the  number  of  light  cells  involves  an 
acute  treatment  with  thyrotrophic  hormone,  the  (piestion  arises  whether  or 
not  such  hormonal  treatment  may  change  their  number.  In  view  of  the 
short  time  (90  minutes)  elapsing  between  hormone  injection  and  sacrifice, 
such  an  effect  appeared  unlikely;  but  definite  proof  was  necessary.  Two 
approaches  were  used.  The  first  one  consisted  in  comparing  old  rats  receiv¬ 
ing  and  not  receiving  the  hormone,  since  in  old  rats  the  numi)er  of  colloid 
tlroplets  is  high  and  the  light  cells  can  l)e  readily  recognized  and  counted  in 
the  absence  of  thyrotrophic  hormone  treatment.  Fifteen-month  old  rats 
weighing  350  gm.  were  siilxlivided  into  a  group  of  untreated  controls  and 
another  given  20  mu.  thyrotrophic  hormone  per  gm.  body  weight,  and 
sacrificed  hours  later.  The  proportion  of  light  cells  to  follicular  cells  was 
the  same  in  both  groups  (Table  4). 

The  second  approach  was  to  inject  young  rats  with  two  different  doses  of 
thyrotrophic  hormone,  on  the  assumption  that  the  effect  of  this  hormone  on 
light  cells,  if  any,  should  be  more  intense  with  a  larger  dose.  3-month  old 
rats  received  either  0.0  mu.  thyrotrophic  hormone  per  gm.  body  weight,  the 
lowest  dose  allowing  reliable  identification  of  light  cells,  or  20  mu.  per  gm. 
l)ody  weight.  No  significant  difference  was  observed  (Table  5). 

These  results  indicate  that  in  the  experimental  conditions  used  for 
identifying  light  cells,  the  proportion  of  these  cells  was  not  modified  by  the 
hormonal  treatment.  Thyrotrophic  hormone  merely  induced  colloid  drop¬ 
lets  in  the  follicular  cells,  so  that  the  droplet-free  light  cells  stood  out  by 
contrast. 


Table  4.  Effect  of  thyrotrophic  H(»rmo\e  of  the  proportion  of  lic.ht  cells  to 

FOLLK'CLAR  CELLS  IN  THE  THYROID  OF  OLD  RATS 


1 

! 

Number  of  light  cells  per  100 

Treatment 

Number  of  rats 

follicular  cells 

Mean  +S.E. 

None 

() 

5.9 +2.3 

Thyrotrophic  hormoin' 

7 

5.5  ±0.8 

1 
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Table  5.  Effect  of  thvrotrofhr'  hormone  ox  the  froportion  of  light  cells 

TO  FOLLICULAR  CELLS  IN  THE  THYROID  GLAM) 


Dose  thyrotrophic  , 
hormone  (U.S.P.  i 
milliiinits  per  gm.  i 
l)odj’  weight) 

Number  of  light  cells  per  100  follicular  cells 

Number  of  rats 

1 

Mean  ±S.E. 

P 

o.« 

7 

1.47±0.37 

0.3-0. 4 

20.0 

'  *' 

1  2.57  ±0.03 

Influence  of  age  on  light  cells 

The  light  cells  are  not  so  conspicuous  in  young  untreated  rats  as  in  old 
animals;  nevertheless  they  are  present,  as  was  found  after  the  acute  treat¬ 
ment  with  thyrotrophic  hormone.  However,  it  was  possible  that  their 
inconspicuousness  in  young  rats  was  not  only  due  to  the  lack  of  colloid 
droplets  in  the  follicular  cells,  but  also  to  the  fact  that  light  cells  were  less 
abundant  in  young  than  in  old  rats.  This  (piestion  was  investigated  by 
examining  the  thyroid  of  rats  of  various  ages,  from  birth  to  l.o  months,  given 
a  dose  of  20  mu.  thyrotrophic  hormone  per  gm.  body  weight  90  minutes 
prior  to  sacrifice. 

In  rats  aged  five  weeks  and  more,  thyrotrophic  hormone  elicited  the 
usual  abundant  formation  of  colloid  droplets  and  the  light  cells  were 
readily  counted.  The  proportion  of  light  cells  to  follicular  cells  was  the 
same  whether  the  rats  were  aged  5  weeks,  o  months  or  lo  months  (Table  (i). 
In  8-week  old  rats,  however,  the  droplet  response  to  the  hormone  injection 
was  less  intense  than  in  the  older  groups,  but  was  .still  sufficient  for  light 
cell  identification.  In  8-10  day  old  rats  injected  with  20  mu.  per  gm.  the 
droplet  response  was  poor,  whereas  after  a  dose  10  times  as  high  a  fair 
number  of  droplets  were  present  and  the  light  cells  could  again  be  identified 
and  counted.  In  these  two  younger  groups  the  proportion  of  light  cells  was 
about  the  same  as  in  older  rats  (Table  6).  In  new-born  rats  the  droplet 
response  was  so  poor  even  after  injecting  a  dose  of  200  mu.  per  gm.  that 
light  cells  could  not  be  counted. 

In  summary,  these  results  indicate  that  the  proportion  of  light  cells  to 
follicular  cells  did  not  vary  between  the  ages  of  8  days  and  lo  months. 


Table  (>.  Effect  of  age  on  the  proportion  of  light  cells  to  follicular  cells 
IN  THE  thyroid  GLAND 


Age 

Body-weight 

(gm.) 

Number  of 
rats 

Number  of  light  cells 
per  100  follicular  cells 
(Mean  ±S.E.) 

8-10  da vs 

10-15 

0 

'  4.5  +  1 .0 

3  weeks 

30-50 

5 

5.8 +0.5 

,5-7  weeks* 

120-135 

5 

4. 7  +  1. 5 

4-5  months* 

230-270 

5 

5. 2+0. 7 

13-15  months* 

280-370 

7 

5. 5+0. 8 

Age  as  indicated  by  de.iler. 
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DISCUSSION 

In  1870  Baber  (3)  descrilied  in  the  thyroid  of  the  dog  “large  rounded 
cells,  each  provided  with  an  oval  nucleus,  found  either  singly  or  in  groups 
amongst  the  epithelial  cells.”  Me  gave  them  the  name  of  “parenchyma” 
cells.  Later  these  cells  have  been  redescrilied  under  various  names,  such  as 
protoplasmareiche  Zellen  (10),  parafollikulare  Zellen  (1),  embryonale 
Zellhaufen  (30),  Hestzellen  (lo),  parafollicular  cells  (24),  grey  cells  (12), 
cellules  souches  (20),  Makrothyreocyten  (22),  cellules  claires  (25),  cellules 
cholinesterase  positives  (8),  intercellular  cells  (21),  light  cells  (2),  and  poly- 
odocytes  (25).  The  qualification  parafollicular  or  interfollicular  was  given 
by  various  authors  (1,  21,  24)  to  these  cells  since  they  often  appear  as  a 
discrete  group  of  cells  located  between  the  follicles.  However,  in  three- 
dimensional  models  reconstructed  from  .serial  sections  of  the  rat  thyroid 
(19),  it  was  shown  that  these  apparently  isolated  groups  of  light  cells  lay 
inside  the  basement  membrane  of  a  follicle,  as  may  be  seen  in  Figure  (i. 
Indeed  not  a  single  instance  of  light  cells  located  outside  a  follicle  has 
been  found  in  the  models. 

A  number  of  hypotheses  have  been  proposed  (21)  concerning  the  nature 
of  light  cells.  Some  authors  believe  that  they  are  mere  tangential  sections  of 
follicular  cells  (21)  or  cells  beginning  mitosis  (21).  Others  postulate  that 
they  originate  from  follicular  cells  (1,  24)  or  conversely  that  they  may 
change  into  follicular  cells  to  form  new  follicles  (9,  30,  37)  or  that  they  are 
stem  cells  producing  follicular  cells  (20).  They  have  been  considered  to  be 
embryonic  rests  or  cells  originating  from  embryonic  rests,  such  as  the 
nltimobranchial  body  or  thyroglossal  duct  (8,  12);  cells  belonging  to  the 
“system  of  Feyrter”  (25)  which  consists  of  cells  of  various  endocrine  organs 
showing  histological  .similarities;  secretory  cells  (31) ;  parathyroid  cells  (32) ; 
Schwann  cells  or  neurosecretory  cells  (30). 

The  present  investigation  allows  the  elimination  of  a  few  of  these  hy¬ 
potheses,  Thus,  the  light  cells  are  not  mere  tangential  sections  of  follicular 
cells,  since  they  could  be  readily  distinguished  by  the  absence  of  colloid 
droplets  after  thyrotrophic  hormone  injection.  Similarly,  the  hypothesis 
that  light  cells  are  follicular  cells  beginning  mitosis  (21)  may  be  abandoned 
since,  unlike  dividing  follicular  cells,  light  cells  are  not  in  contact  with  the 
lumen,  often  show  a  hazy  outline  when  in  groups,  and  do  not  contain 
(olloid  droplets. 

The  position  of  light  cells  within  the  basement  membrane  of  follicles 
I  takes  it  possible  to  eliminate  several  other  hypotheses.  Thus,  at  one  time 
'  e  wondered  whether  the  groups  of  light  cells  were  small  ganglia.  However, 
1  le  typical  ganglionic  cells  found  on  occa.sion  in  the  thyroid  gland  (Fig.  9) 
’  ere  always  in  interfollicular  locations.  When  it  became  clear  that  light 
'  11s  were  always  intrafollicular  (19),  this  position  was  felt  to  be  a  deci.sive 
;  gument  against  their  neural  nature  (30).  Since  ultimobranchial  bodies 
!  '^o  had  an  interfollicular  position  and  so  did  parathyroifl  cells  whenever 
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Fig.  9.  (lanKlionic  cell  in  the  thyroid  of  a  hypophyscctomized  rat.  Periodic  acid- 
Scliiff  and  hematoxylin.  XIOOO.  The  large  ganglionic  cell  located  in  an  interfollicular 
position  differs  from  the  light  cells  (L)  hy  a  round,  central  nucleolus,  a  uniform  nucleus, 
and  a  cytoplasm  with  darkly  staining  material  at  the  perijihery. 

they  were  seen  within  thyroid  tissue,  light  cells  may  be  considered  to  be 
neither  remnants  of  an  embryonic  structure  (S,  12),  nor  parathyroid  cells 
(.12).  Incidentally  the  spatial  relationship  believed  to  exist  between 
ultimobranchial  bodies  and  light  cells  (12)  was  not  observed  in  the  rat 
(Table  8,  Fig.  S). 

The  hypotheses  implying  a  genetic  relationship  between  follicular  cells 
and  light  cells  (9,  2(1,  8(5,  87)  are  in  agreement  with  the  epithelial  nature  of 
both  cell  types.  However,  follicular  cells  are  typical  epithelial  cells,  as 
shown  by  their  close  juxtaposition  to  one  another,  their  .separation  from 
connective  tissue  and  lilood  ve.ssels  by  means  of  a  basement  membrane,  and 
their  orientation  towards  the  follicular  lumen,  with  terminal  bars  framing 
the  cell  apex.  Light  cells  share  some  of  these  epithelial  attributes,  since  the> 
are  enclosed  with  the  follicular  cells  within  a  basement  membrane;  but 
they  are  not  in  contact  with  the  lumen  and  lack  terminal  bars.  The  differ 
ences  between  the  two  cell  types  favor  the  concept  of  two  di.stinct  cell  line^ 
Indeed  they  both  show  mitosis  and  therefore  are  able  to  reproduce  then;- 
.selves,  and  they  are  both  capable  of  giving  rise  to  characteri.stic  tumoi' 
(2,  17,  IS).  Furthermore,  since  the  proportion  of  light  cells  to  follicul:!  ■ 
cells  remains  the  same  at  all  ages  (Table  6)  and  since  the  number  of  cells  i  i 
the  thjToid  gland  keeps  on  rising  with  age  (M.  Enesco,  unpublished),  hot  i 
follicular  and  light  cells  must  be  increa.sing  at  the  same  rate  throughoi  t 
life. 

However,  the  distinction  between  the  two  cell  types  does  not  exclude  tl  3 
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possfil)ility  of  a  common  origin.  For  imstance  one  or  several  follicular  cells 
might  migrate  or  he  displaced  away  from  the  epithelial  layer,  withdraw 
from  the  colloid  and  then  lose  some  of  the  epithelial  attrihutes,  e.g.  ter- 
iiiinal  bars.  They  might  thus  become  light  cells.  The  ab.sence  of  colloid 
Iroplets  in  light  cells  may  be  interpreted  in  either  one  of  two  ways.  The 
lirst  possibility  arises  from  the  fact  that  light  cells  are  separated  from  the 
•olloid.  The  droplets  are  histochemically  identical  with  the  material  in  the 
.umen  (2S)  and  it  has  been  suggested  that  they  may  be  portions  of  colloid 
iaken  up  from  the  lumen  by  the  follicular  cells  through  pinocytosis  (20, 
)o).  Since  light  cells  are  not  in  contact  with  the  colloid,  they  cannot  pino- 
•ytose  colloid  and,  thus,  remain  free  of  droplets.  The  alternate  possibility 
is  that  the  droplets  are  a  secretion  product  of  the  cell  to  be  deposited  in 
the  lumen,  that  is,  a  cellular  precursor  of  thyroglobulin  ((>,  7),  in  which 
case  light  cells  would  differ  from  follicular  cells  by  the  absence  of  such  type 
of  secretory  activity’. 

In  conclusion,  the  present  data  indicate  that  there  are  two  morphologi¬ 
cally  distinct  types  of  epithelial  cells  in  the  thyroid  gland  of  the  rat:  the 
jollicular  cells,  which  are  in  great  majority  (usually  over  9.o%)  and  a  few 
liyht  cells.  Follicular  cells  are  characterized  by  their  polarization,  contact 
with  the  colloid,  and  the  ability  to  yield  colloid  droplets  on  injection  of 
thyrotrophic  hormone.  Light  cells  lack  these  properties. 
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ABSTHAC'T 

A  method  of  isotope  equilibrium  has  been  used  to  study  iodinated  amino 
acids  of  thyroid  and  blood  in  the  rat.  Iodide,  monoiodotyrosine,  diiodotyrosine, 
tln  roxine  and  3',3,5-triiodothyronine  were  found  to  eomprise  13%,  20%,  40%, 

18%,,  and  3%  of  the  thyroidal  iodine  respeetivel\'.  Thyroxine  aeeounted  for  ap¬ 
proximately  80%  of  the  blood  iodine,  triiodothyronine  3.5%  and  the  iodinated 
tj’rosines  from  zero  to  4%.  These  Jir''  eonsistent  with  the  hypothesis  than 

in  the  rat,  thyroxine  and  triiodothyronine  eontribute  api)roximately  half  each 
of  the  total  physiolo^leal  aetivity  of  the  thyroid  hormones. 

Early  stiulie.s  on  tlie  iodine  content  of  the  iodinated  amino  acids  in 
tlie  thyroid  gland  indicated  that  about  'M)%  of  it  repre.sented  tliy- 
roxine-  and  the  rest  represented  diiodotyrosine  (1,  2,  d).  Since  tliat  time, 
the  discovery  of  monoiodotyrosine  and  :i,r),:V-triiodotliyronine  in  the 
thyroid  (4,  o)  has  called  for  a  rea.sse.ssment  of  these  values.  The  thyroxine 
iodine  has  recently  been  estimated  at  between  20  and  ‘M)%,  while  mono¬ 
iodotyrosine  iodine  accounts  for  10  to  lo%  of  thyroidal  iodine  (0).  So  far 
no  estimate  of  the  contribution  of  triiodothyronine  to  thyroidal  iodine 
content  has  been  made. 

It  was  thought  until  recently  that  over  90%  of  the  blood  iodine  was 
represented  by  thyroxine  (7,  <S,  9).  However,  two  separate  studies  of  the 
iodinated  constituents  of  blood  indicate  that  up  to  ')()%  of  the  blood  iodine 
in  normal  individuals  represents  mono-  and  di-iodotyrosine  (10,  11,  12,  14). 
riie  kinetics  of  iodotyrosine  metabolism  are  such  as  to  make  their  pres¬ 
ence  in  the  blood  of  normal  animals  somewhat  unlikely.  Furthermore, 
the  analy.ses  of  the  extremely  small  amounts  of  iodoamino  acids  of  blood 
are  difficult. 

The  present  study  was  undertaken  to  re-evaluate  the.'^e  (piestions  by  the 
use  of  a  technicpie  of  isotope  equilibrium.  In  addition,  it  was  hoped  that 
correlation  of  thyroid  and  serum  iodoamino  acid  contents  with  their  turn¬ 
over  time  in  blood  might  make  it  possible  to  determine  whether  the  io¬ 
doamino  acids  of  blood  are  derived  exclusively  from  the  thyroid. 
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-  The  following  abbreviations  are  used  in  this  papi'r:  T4  =  thyroxi.ie;  T3  =  3,5,3'-tr;- 
■tdothyronine;  DIT  =  3,.5-diiodotyrosine  and  MIT  =  3-inonoiodotyrosinc. 
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The  metliod  of  isotope  eciuilibrium  has  l)een  used  previously  in  a  study 
of  the  thyroidal  response  to  different  diets  (14)  and  different  doses  of  stable 
iodine  (15).  If  a  labelled  amount  of  iodine  is  given  every  day  to  an  animal 
and  the  rate  of  turnover  of  iodine  in  the  compartment  with  the  slowest 
turnover  is  known,  the  time  necessary  to  reach  equilibrium  can  be  calcu¬ 
lated.  At  equilibrium  radioactivity  may  be  directly  translated  into  mass 
units. 


METHODS 

Auimnls  and  Diets 

Sprague  Dawley  male  rats  of  120-1.50  grains  were  used.  All  animals  were  placed  on  a 
low  iodine  diet,  previously  described  and  estimated  to  provide  about  1  /ag.  I  day  (10). 
for  varying  periods  of  time  before  and  continuing  throughout  the  experiment.  Supple¬ 
mentary  iodine  was  given  as  labelled  KI.  In  all  experiments  10/xg.  as  KI  was  given 
once  daily  by  subcutaneous  injection.  The  stock  solution  contained  2  /xc.  per  10 
/ag.  I'-’  on  the  first  day  of  injection  in  Exp.  1  and  0.5  /xc.  per  10  ^g.  on  the  first  day  in 
Exjjs.  2  and  3.  Hence  the  animals  received  a  different  amount  of  P”  each  day,  but  at  the 
end  of  the  exi)eriment.  radioactive  assay  alone  revealed  I'*’  values  bj-  comparison  with 
the  stock  solution. 

To  determine  how  closely  the  experimental  periods  approached  equilibrium,  a  group 
of  rats  was  injectcMl  daily  with  10  /xg.  P*'  alone  for  14  days  and  then  received  a  single  dose 
of  4.5  /xc.  of  P”.  The  daily  injections  of  P-'  were  continued  and  the  radioactivity  in  the 
thyroids  of  the  animals  was  determined  at  frequent  intervals  for  a  week.  External  count¬ 
ing  of  unanesthetized  animals  was  done  with  a  well-shielded  scintillation  counter.  .Suffi¬ 
cient  counts  wen'  taken  to  give  a  j)robable  error  of  counting  of  <5%  excei)t  for  the  last 
day  of  the  experiment  wIk'ii  the  jjrobable  error  was  <8%. 

Chemical  Procedures 

Radioactive  assay  of  whole  thyroids  and  .sera  was  done  in  a  scintillation  well  counter 
with  standardized  geometry.  Thyroid  glands  were  hydrolyzed  with  pancrc'atin  for  24 
hours  in  Tris  buffer,  j)!!  S.4.  Separation  of  iodinated  amino  acids  from  the  thyroid 
hydrolysates  was  done  with  ascending  paper  chromatograi)hy  using  n-butanol,  dioxane, 
2X-NH4()H,  (4 : 1  ;.5)(H1).V)  and  n-butanol  equilibrated  with  2N-acetic  acid.  Carrier 
amino  acids  and  iodide  were  chromatographed  on  the  same  paper  and  developed  with 
niidiydrin  and  PdC'b.  Radioactivity  was  assayed  with  a  recording  rate  meter  calibrated 
so  that  areas  under  the  counting  curve  were  linearly  proportional  to  the  amount  of  radio¬ 
activity.  For  low  activity  spots  (triiodothyronine  in  particular)  the  chromatographic 
strips  were  cut  into  segments  corn'sponding  with  the  location  of  the  carrier  amino  acids 
and  counted  in  a  well  type  scintillation  counter.  Iodinated  compounds  in  serum  were 
sej)arated  by  chromatography  on  Dowex  1  X2,  200-400  mesh  using  acetate  buffers  as 
l)r('viously  described  (17).  The  combined  thyroxine  and  triiodothyronine  eluate  wa-^ 
lyophylized  and  chromatographed  in  BI).\. 

Iodine  analyses  were  done  by  modification  of  the  Zak  procedure  (18)  by  the  Bostoi 
Medical  Laboratory. 


RESULTS 

The  turnover  rate  of  iodine  in  the  thyroid.s  of  rats  under  the  exac' 
circumstances  used  in  the  subsequent  work  was  checked  with  a  singl 
dose  of  In  Figure  1  are  shown  the  results  of  4  animals.  A  turnovc 
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Fig.  1.  Loss  of  I*^'  from  nit  thyroids  after  a  siiiKle  tracer  dose  of  I'-'”.  Different  syinliols 
represent  different  animals.  Counts  are  eorreeti'd  for  pliysieal  decay  of  tin*  isotopes. 

rate  of  2(5%  day  was  found  from  the  single  exponential  decay  of  thyroidal 
It  can  be  shown  that  97%  of  eciuilibriuin*  will  be  obtained  after  11.7 
days  under  the.se  circumstances. 

Table  1  shows  the  general  data  from  11  separate  experiments.  The  radia¬ 
tion  doses  were  calculated  from  the  maximum  uptake  of  a  single  tracer 
dose  of  in  animals  on  the  low  iodine  diet  and  receiving  10  /ug.  I  per 

day,  from  the  thyroid  decay  rate  calculated  from  Figure  1  (2(5%/ day), 
from  the  known  thyroid  weights  (average  13  mg)  and  from  the  dose  of 


T.\bi.e  1.  Treatment  of  experimextai,  grovps 


Croiqi. 

*  unimals 

Time  on  diet 
(days) 

Time  on 
(days) 

Radiation  to  thyroid 
(rads) 

1  () 

20 

14 

4040 

2  9 

35 

21 

970 

3  8t 

37 1 

25 

1020 

t  A  separate  group  of  8  animals  treated  identically  were  used  for  thyroid  iodine  analyses, 
t  These  animals  received  10  ^ig.  iodine  per  day  for  2  dsiys  prior  to 


®  Equilibrium  is  defined  as  that  state  wherein  all  the  iodinated  materials  in  the  animal 
iiave  identical  specific  activities. 
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Table  2.  C'An  rLATED  and  exi*erime.\tal  values  for  thyroid  and  serum  iodine 


Thyroid 

Thvroid 

Serum 

Serum 

Serum 

Serum 

,,  iodine 

iodine 

PBIt 

PHI 

iodide 

iodide 

tTOUp  (p^lpuljjtcd) 

(iinalvzed) 

(ciileuliited) 

(analyzed) 

(calculated) 

(analyzed) 

(mK.) 

(Mg) 

(mK-%) 

(Mg-%) 

(Mg-%) 

(Mg.%) 

1  7.(i 

(>.() 

2  7.5 

4.0 

3  8.5 

7.4 

4 .5 

3.3 

2.0 

2.4 

+  PHI  =  protein  hound  iodine. 


r®*  administered.  It  was  neces.sary  to  calculate  the  radiation  from  each 
day’s  dose  of  I'*'  since  each  varied  in  radioactivity  and  in  length  of  stay 
in  the  animal.  The  sum  of  the  daily  doses  at  time  of  sacrifice  is  li.sted  in 
Tal)le  1.  Experiment  .3  was  done  in  two  parts  and  in  one  the  thyroids 
were  analyzed  for  I'-‘  with  results  as  shown  in  Table  2.  In  the  other, 
the  thyroids  were  counted  and  hydrolyzed.  As  can  be  seen,  the  agreement 
lietween  analytical  and  calculated  values  for  thyroidal  iodine  is  fairly  good. 
The  calculated  value  was  derived  by  a  simple  comparison  of  thyroidal 
radioactivity  with  an  aliquot  of  the  solution  of  iodine  which  had  been 
administered  to  the  animals. 

The  calculated  and  analytical  values  for  blood  iodine  are  also  shown  in 
Table  2.  Again  in  Exp.  3,  pooled  .sera  from  groups  of  animals  treated 
iilentically  were  used  for  the  calculated  and  analytical  values  .since  not 
enough  blood  was  available  for  both  analyses  on  each  animal.  Agreement 
between  the  values  determined  by  chemical  analysis  and  calculated  from 
radioactivity  is  again  reasonably  good.  Xo  unidentified  components  were 
seen  and  the  origin  material  on  the  chromatograms  (presumably  incom¬ 
pletely  hydrolyzed  thyroglobulin)  usually  contained  8%  or  le.s.s  of  the 
total  radioactivity.  Table  .‘I  gives  the  results  of  analyses  of  hydrolyzed 
thyroids  in  2  experiments  and  in  Table  4  are  the  results  of  individual 


Table  3. 

Thyroidal 

1131  after  HYDROLYSIS 

EXPRESSED  AS 

PER  CENT  OF 

TOTAL  1**' 

(Jroup 

I- 

-MIT 

DIT 

T« 

T, 

1 

8.0 

30.5 

42.4 

10.4 

1  .8 

2 

11.0 

10.2 

40.4 

10.0 

3.2 

ii 

13.0 

20 . 1 

45.0 

18.0 

3.0 

Table  4.  I 

I.N  FRACTIONS  FROM  INDIVIDUAL 

RAT  THYROID  HYDROLYSATES 

IN  GROUP  3 

EXPRESSED  AS  PER  CENT  TOTAL  I'®' 

Rat  \o. 

I- 

MIT 

DIT 

T4 

T, 

1 

12.4 

18.0 

48.0 

18.2  ■ 

2.8 

2 

12.7 

23.0 

43.8 

17.3 

3.2 

3 

13.1 

20.1 

44.4 

10.0 

3.4 

4 

14.0 

20.0 

45.3 

17.8 

2.0 

5 

10.4 

22.3 

40.3 

18.2 

2.8 

0 

12.0 

18.8 

48.4 

18.4 

2.0 
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Table  5.  Seki  .m  1'^'  in  vakiols  fractions  expressed  as  per  i 

CENT  OF  TOTAL  I*’* 

1 

1 

[ 

1 

i 

1 

j 

1 

1  0  1 

j  1 

1  1 

1  1 

MIT  +  DIT 

2  U4.5  4.2 

3  ‘)2.2  4.4 

1  .3 

3.4 

analyses.  Although  eciuilibrium  should  he  reached  after  12  days  of  1'=” 
injections,  there  is  nevertheless  an  unexplained  systematic  difference  in 
distribution  of  iodoamino  acids  between  the  14-  and  21-day  studies. 
Twenty-one  and  2o  days  give  virtually  identical  results.  The  values  in 
the  tables  represent  per  cent  of  total  thyroidal  iodine.  If  thyroidal  organic 
iodine  (the  iodide  is  thereby  neglected)  is  partitioned  among  these  amino 
acids  and  the  figures  from  (Iroup  8  are  used,  the  molar  ratios  of  MIT, 
DIT,  T4  and  1%  respectively  are  9.3;  15.0;  5.8  and  1.0. 

Analyses  of  serum  were  done  on  groups  2  and  8  and  the  results  are 
shown  in  Table  5.  It  may  be  seen  that  T4  accounts  for  most  of  the  serum 
iodine  although  Ts  is  uneciuivocally  present.  In  (Jroup  2,  only  4  of  the  9 
sera  analyzed  showed  any  radioactivity  corresponding  to  either  MIT  or 
DIT.  In  (Jroup  8,  two  analyses  on  pooled  sera  (5  animals  each)  gave  radio¬ 
activity  in  the  combined  MIT  and  DIT  fractions  amounting  to  8.9%  and 
8.2%  of  the  total  I‘®'. 


DISC'USSIOX 

There  are  certain  advantages  and  several  problems  inherent  in  the  use 
of  isotope  equilibrium  for  estimation  of  (juantities  of  stable  isotopes  by 
radioactive  measurements  alone.  One  problem  is  that  to  obtain  maximum 
sensitivity,  the  amount  of  radioactivity  that  must  be  administered  may 
produce  substantial  radiation.  As  Table  1  shows,  in  Clroups  2  and  8  the 
radiation  (over  the  8-week  period)  was  approximately  1,000  rads.  It  is 
unlikely  that  this  will  produce  physilogical  effects  within  that  period  of 
time.  For  thyroglobulin  release,  not  only  is  more  radiation  recpiired  (over 
8,000  rads)  but  it  must  be  delivered  in  a  short  period  of  time  (two  or  three 
days)  (19,  20).  Hence,  we  may  tentatively  conclude  that  radiation  has 
not  played  a  significant  role  in  the  present  findings.  The  other  problem 
associated  with  the  use  of  isotope  equilibrium  is  the  proper  estimation  of 
the  time  necessary  to  attain  equilibrium.  Preliminary  estimation  of  the 
turnover  rate  in  the  slowest  compartment  permits  calculation  of  the  time 
required  to  come  as  close  to  e{pnlibrium  is  desired.  As  noted  above  it  may 
be  calculated  that  after  12  days,  97%  of  ecjuilibrium  should  have  been 
reached.  This  figure  means  that  97%  of  these  animals’  iodine  was  derived 
from  the  labeled  iodine  injected  during  the  experimental  period.  However, 
as  may  be  seen  in  Table  8,  the  MIT  content  is  higher  and  the  DIT  and 
T4  content  is  lower  in  (Jroup  1  than  in  (Jroups  2  or  8.  Since  it  has  been 
commonly  assumed  that  MIT  is  a  precursor  of  DIT  which  in  turn  is  a 
precursor  of  T4,  this  might  suggest  that  complete  equilibrium  had  not 
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been  obtained  after  14  days.  Incomplete  mixing  of  thyroidal  iodine  result¬ 
ing  in  more  rapid  secretion  of  radioactive  than  stable  iodine  could  pro¬ 
duce  a  similar  picture  (21).  In  this  case  a  pool  of  iodine  turning  over  more 
slowly  in  the  thyroid  would  retpiire  a  longer  period  of  time  for  etpiilibra- 
tion  than  would  be  estimated  from  tracer  kinetics.  Morel  and  Simon  (22) 
found  that  somewhat  over  S0%  of  eciuilibrium  was  reached  after  21  days 
with  a  diet  containing  10  tlay. 

Since  there  is  reasonably  good  agreement  between  iodine  contents  calcu¬ 
lated  from  data  and  estimated  analytically  (Tables  1  and  2),  incom¬ 
plete  mixing  or  a  separate  pool  of  iodine  in  the  thyroid  turning  over  very 
slowly  appear  to  be  of  minor  significance.  The  figures  for  serum  PBI 
are  slightly  higher  than  some  values  reported  for  the  rat  but  were  probably 
a  result  of  the  generous  iodine  supplement  (28,  Ki). 

The  values  for  thyroidal  iodoamino  acids  are  similar  to  those  reported 
by  Roche  anti  Michel  (24)  and  Taurog  et  al.  ((>).  The  thyroxine  value  is 
lower  than  many  have  found  although  not  lower  than  that  found  by  Taurog 
et  al.  Hoche  and  Michel  (24)  and  Wolff  and  Chaikoff  (2o)  found  that  T4 
iodine  accounted  for  0.25  to  0.84  of  the  total  thyroidal  iodine.  Subsequent 
experiments  to  be  reported  later  have  shown  that  both  thyroxine  and 
triiodothyronine  are  partially  deiodinated  during  hydrolysis  with  pancre- 
atin.  T;{  has  not,  however,  been  formed  from  T4  during  hydrolysis.  Neither 
MIT  nor  DIT  has  been  deiodinated  appreciably  during  hydrolysis.  It  is 
likely  therefore  that  the  iodide  is  derived  from  T4  and  Tn.  It  has  been 
shown  (20)  that  unhydrolyzed  rat  thyroids  only  contain  about  1%  of  in¬ 
organic  iodine. 

The  results  in  blood  are  of  interest  and  confirm  the  older  views  that  T4 
is  the  major  constituent  of  organic  blood  iodine  (7,  S).  These  experiments 
have  not  revealed  the  presence  of  significant  amounts  of  iodotyrosines  in 
the  blood  of  the  rat.  The  value  of  T3  in  blood  has  been  estimated  to  be 
about  0.14  nfj^.%  in  man  (27).  In  the  rat,  Feuer  (28)  has  found  the  level 
of  triiodothyronine  in  serum  to  vary  from  0.12  to  1.90  mK-%-  The  averages 
of  the  figures  in  Tallies  2  and  4  give  a  value  for  stable  T3  in  rat  serum  of 
0.2mK.%. 

Since  a  deiodinase  for  T4  and  T3  is  lacking  in  the  thyroid  (29),  it  seems 
reasonable  to  assume  that  they  will  be  secreted  from  the  thyroid  into  the 
blood  in  the  same  proportion  as  they  occur  in  the  gland.  It  is,  however, 
possible  that  partial  hydrolysis  of  thyroglobulin  with  release  of  T4  alone, 
followed  by  resynthesis,  may  occur.  In  this  situation,  the  accumulation  of 
thyroglobulin  enriched  in  T3  would  be  prevented  if  Feuer’s  suggestion 
that  T3  gives  rise  to  T4  did  in  fact  take  place.  If  this  occurred,  the  ratio 
of  secreted  T4:T3  would  differ  from  the  relative  concentrations  of  these 
amino  acids  in  the  thyroid.  To  assess  these  possibilities  and  the  further 
possibility  that  T3  in  serum  might  be  derived  peripherally  from  the  partial 
deiodination  of  T4,  the  relative  concentrations  of  T4  and  T3  in  thyroid  and 
blood  were  compared.  The  steady  state  concentration  of  a  compound  in  a 
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TaBLK  ().  C'aI.CI  LATEI)  AM)  EXl'ERIMEXTAL  VALl  ES  FOR  THYROXINE  AM)  TRIIOIX)- 
THYROXINE  IN  THYROID  AND  SERI  M 


Thyroxine 

Triiodothyronine 

Coiifc-iitration  in  Tlivroid 

1  .0* 

0.17 

Volume  of  distribution  t 

0.1 3 /body  wt 

0.20  body  wt 

Degradation  ratet 

0.92 /day 

1  .7  (lay 

('aleulated  eoneentration  in  blood 

1 .0* 

0.047 

('oneentratior.  in  blood  found 

1 .0* 

0.048 

Tsli-ak-.) 


U..T3 


VdT4 

V„T3 


TeTa 

T,T4 


where  U.i  =  degradation  rate 

V|)  =  volume  of  distribution 
Tc  =  thyroid  eoneentration 

*  Normalized  to  thyroxine  =  1.  Thyroxine  and  triiodothyronine  eoneentrations  in  thyroid 
and  serum  of  animals  from  Oroup  3. 
t  Data  of  Feldman  (30). 


pool  i.s  a  function  of  its  rate  of  secretion  into  the  pool,  its  rate  of  loss  from 
the  pool  and  the  pool  size. 

Fortunately  data  are  available  on  the  pool  sizes  and  the  rates  of  degra¬ 
dation  of  T4  and  T3  in  the  rat  (80,  81).  These  figures  are  in  fjiood  agreement 
and  tho.se  of  Feldman  (80)  are  shown  with  calculated  and  observed  values 
for  T4  and  T;t  in  blood  in  Table  0.  The  assumptions  u.sed  for  calculating 
the  relative  T;,  level  in  blood  are: 

1.  All  Tj  in  blood  is  derived  from  T*  in  thyroid. 

2.  T;t  is  secreted  from  the  thyroid  in  the  same  ratio  to  T4  as  they  occur 
in  the  thyroid. 

8.  The  assumptions  implicit  in  the  calculations  of  pool  size  and  degra¬ 
dation  rate. 

Although  the  precise  agreement  of  calculated  and  analytical  values  is 
undoubtedly  fortuitous,  these  findings  indicate  that  thyroxine  and  tri¬ 
iodothyronine  are  secreted  by  the  thyroid  in  the  .same  ratio  as  they  are 
pre.sent  in  the  gland. The  agreement  also  suggests  that  no  .significant  amount 
of  triiodothyronine  in  blood  is  derived  from  thyroxine  as  proposed  by 
Fitt-Hivers  ct  al.  (82)  but  not  confirmed  by  La.ssiter  and  Stanbury  (88) 
nor  Dumont  et  nl.  (84). 

The  blood  iodine  data  also  indicate  the  physiological  importance  of  tri¬ 
iodothyronine,  at  least  in  the  rat.  Since  in  this  animal  triiodothyronine  is 
1  to  .5  times  as  potent  as  thyroxine  in  the  goiter  prevention  test  and  in  in- 
crea.sing  oxygen  consumption,  the  data  in  Table  .0  suggest  that  about  40% 
of  the  total  metabolic  effect  of  thyroid  hormone  is  due  to  triiodothyronine 
(see  Barker  (85)  and  Stasilli  ct  al.  (80)). 
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ABSTRACT 

Al)si*n(‘('  of  dietary  protein  in  female  rats  caused  a  moderate  increase  in  liypo- 
l)hyseal  FSH  content,  whether  expresssed  per  anterior  pituitary  or  per  milli- 
j;ram  of  tissue.  The  IC’SH  content  in  the  hypophysis  was  unehan^ed  from  control 
levels  per  j)ituitary  gland,  though  increastal  i)er  milligram  of  tissue.  Ovariec¬ 
tomy  of  i)rotein-deficient  rats  further  elevati'd  j)ituitary  content  of  both 
gonadotrophins,  FSH  and  K'SH,  raised  the  circulating  levels  of  FSH  and  was 
aeeomi)ani(‘d  by  typical  castration  changes  in  the  hypophysis.  These  morpho¬ 
logical  and  physiological  changes  show  that  the  jjituitary  gland,  even  in  the 
complete  absence  of  dietary  i)rotein,  retained  its  capaeity  to  resjamd  to  stimnlus 
with  increased  synthesis  and  release  of  gonadotrophins. 

The  detrimental  effect.s  of  protein  deprivation  on  the  reproductive 
sy.stem  are  well  known.  Absence  or  low  levels  of  dietary  protein  in 
rats  has  been  shown  to  result  in  marked  atrophy  of  ovaries  and  acce.ssory 
organs  with  early  lo.ss  of  estrous  cycles  (2,  J).  Follicular  {growth  was  arrested 
and  interstitial  cells  closely  re.sembled  the  “wheel  cells”  of  hypophysec- 
tomy  (.‘I),  suggesting  some  disturbance  in  hypophyseal-ovarian  function: 
ab.sence  of  dietary  protein  interfered  either  with  the  hypophyseal  produc- 
lion  and  relea.se  of  gonad-stimulating  hormones,  or  with  the  responsive¬ 
ness  of  the  ovaries  to  these  hormones.  As  previously  reported  (J),  protein- 
deficient  rats  responded  to  exogenous  hypophyseal  gonadotrophins  at  the 
'ame  dosage  levels  as  hypophysectomized  rats  of  comparable  age  and 
veight,  suggesting  that  no  impairment  of  ovarian  sen.sitivity  was  present. 
In  the  present  effort  to  elucidate  the  role  of  the  pituitary  in  protein  de- 

Rcceivcd  .Vugust  11,  1900. 

'  Prcliminarv  report  presented  before  Am.  As.soc.  Anat.,  Baltimore,  Md.,  April, 
9.i7  (1). 

^  Aided  by  grants  from  U.  S.  Public  Health  Service  A-47().  We  are  grt'atly  indel)tt‘d  to 
’)r.  Randolph  Major,  Merck  and  Co.,  for  generous  supplies  of  2-metliyl-l,4-naphtho- 
uinone  and  crystalline  B  vitamins;  to  Dr.  Elmer  L.  Severinghaus,  Hoffmann-LaRoche, 
»r  crystalline  d-biotin,  d-calcium  pantothenate,  and  df-alpha-tocopherol;  and  to  Dr. 
.  H.  Jukes,  Lederle  Labs.,  Pearl  River,  X.  Y.,  for  pteroylglutamic  acid. 
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ficiency,  hioafssays  for  gonadotrophic  hormone  content  have  been  con¬ 
ducted  of  the  pituitarie.s  of  such  deficient  rats.  These  assays  have  been 
supplemented  by  cytological  examination  of  the  pituitaries  and  by  bio- 
as.says  of  the  blood  plasma  to  obtain  information  regarding  pituitary  func¬ 
tion.  As  a  further  means  for  estimating  the  capacity  of  the  pituitary  to 
respond  physiologically  to  stimulus,  protein-deficient  rats  were  ovaiiecto- 
mized  to  determine  whether  the  characteristic  responses  to  gonadectomy, 
i.e.,  increased  gonadotrophic  content  of  pituitary  and  of  plasma  accom¬ 
panied  by  castration  changes  in  the  hypophysis  (4,  5),  could  be  induced 
in  the  absence  of  dietary  protein. 


MATERIALS  AND  METHODS 

Groups  of  adult  female  rats  (Long-Evans  strain)  weighing  approximately  200  gm. 
were  maintained  for  5  weeks  on  a  purified  diet  free  of  protein  but  eontaining  all  other 
known  dietary  essentials.^  Vaginal  smears  were  taken  daily;  at  the  time  of  autopsy  the 
animals  had  been  anestrous  for  about  one  month  and  their  reproduetive  organs  were 
atrophie.  A  seeond  series  of  rats  was  bilaterally  ovariectomized  and  immediately  placed 
on  the  protein-free  diet  for  the  same  length  of  time.  Groups  of  intact  and  of  ovariecto¬ 
mized  control  rats  were  fed  a  purified  diet  eontaining  24%  casein.^  .Vdditional  intact 
control  rats  were  maintained  on  the  stock  diet  XIV  and  lettuce  (3).  Since  bioassay  re¬ 
sults  obtained  with  pituitaries  and  plasma  of  intact  rats  on  the  two  complete*  diets  were 
in  close  agreement,  they  have  been  combined  in  the  Tables. 

Methods  for  bioassay  of  anterior  pituitary  glands  and  plasma  were  those  jircviously 
described  by  Wooten  et  al.  (0)  and  C'ozens  and  Nelson  (7).  Donor  rats  were  exsangui¬ 
nated  by  withdrawing  blood  from  the  aorta  into  hei>arinized  syringes.  Plasma  was 
separated  by  centrifugation  for  30  min.  at  3200  ri)m;  it  was  then  jjoolcd  and  injected 
subcutaneously  into  immature  female  hyijophyseetomizcd  rats  the  same  day.  Daily 
dosages  varied  from  2  to  10  ee.,  the  higher  levels  being  administered  in  doses  of  2-3  cc. 
at  1-2  hour  intervals.  The  recipients  were  autoi)sied  24  hours  after  the  last  injection. 
I’teri  wen*  freed  from  oviducts,  drained  of  fluid  and  weighed.  Ovaries  were  dissecti'd, 
weighed,  and  fixed  in  Houin’s  solution;  they  were  then  embedded  in  paraflin,  .serially 
sectioned,  and  stained  with  H  &  E. 

Anterior  i)ituitary  glands  removed  immediately  following  exsanguination  were 
weiglu'd,  ground  and  sus])ended  in  a  known  volume  of  isotonic  saline  containing 
butanol.  The  suspensions  were  kejjt  at  4°  C  until  needed  (usually  for  not  more  than  7 
weeks).  Serial  dilutions  were  prepared.  corresi)onding  to  total  doses  of  1  Ifl  to  4  anterior 
lobes;  injections  were  given  subcutaneously,  once  dailj’  for  4  days;  autopsies  were  per¬ 
formed  24  hours  after  the  last  injection.  Ovaries  and  uteri  were  weighed  and  the  ovaric^ 

*  The  protein-free  diet  contained  sucrose  S8%,  hydrogenated  cottonseed  oil  8%,  modi 
fled  salts  No.  4  4%.  Crystalline  vit.  kg.  of  diet  were:  vit.  Bi;  0.0.5  mg.,  d-biotin  0.0  mg, 
2-methyl-l, 4-naphthoquinone  10  rng.,  thiamine  HCl  10  mg.,  inridoxine  HCl  10  mg 
irteroylglutamie  acid  11  mg.,  riboflavin  20  mg.,  p-aminobenzoie  acid  20  mg.,  niacin  4u 
mg.,  d-caleium  pantothenate  100  mg.,  inositol  800  mg.,  choline  chloride  1000  mg.  1 
rats  (control  and  protein-depleted)  received  weekly  a  fat-soluble  vit,  sui)plement  r)f  8(!  • 
I'.S.P.  units  vit.  A,  1 1.5  chick  units  vit.  1),  0  mg.  synthetic  alpha-toeopherol  and  0.50  m 
corn  oil  (Mazola). 

*  The  complete  diet  contained  aleohol-extraeted  casein  24%,  sucrose  04%,  hydro  - 
enated  cottonseed  oil  8%,  modified  salts  No.  4  4%,  the  vitamins  listed  above  (exee;  t 
Bis)  per  2  kg.  of  diet. 
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Fig.  1.  (’hango  in  liody  weight  (gm.)  of 
intact  and  ovarieetoniized  protein-deficient 
rats  and  of  corresponding  control  animals. 


5  15  25  35  DAYS 


prepared  for  histological  examination.  For  histological  study  of  the  pituitaries,  glands 
from  each  tyjie  of  donor  were  fixed  in  Zenker-formol.  (“inhedded  in  nitrocellulose  and 
staiiu'd  with  Mallory-.Vzan  (<S)  and  Periodic  .\eid-Sehiff  (P.\S). 

Estimati's  of  the  gonadotrojihie  content  of  donor  jiituitaries  and  jilasma  wen*  based 
on  the  histological  changes  in  the  ovaries  of  recipients  (9).  Tlu'  miiumal  etfeetive  dose 
(MED)  for  follicle-stimulating  activity  was  that  amount  of  anti'rior  lobe  suspension  or 
plasma  which  induced  resumjition  of  follicular  growth,  as  measured  with  an  ocular 
micrometer,  in  2  out  of  3  reeiiiient  rats.  The  minimal  etfeetive  dose  for  interstitial-ei'll- 
'timulating  activity  was  the  dose  which  was  eajiable  of  inducing  changes  in  the  “defi- 
'•ient”  ovarian  interstitial  tissue  in  2  out  of  3  recijiients,  as  judgi'd  by  the  restoration  of 
normal  nuclear  size,  dispersal  of  chromatin  material  and  the  acipiisition  of  eosinophilic 
cytoplasm.  (Jroups  of  2  to  4  assay  rats  were  used  for  each  dose  level,  and  all  critical 
dosage  levels  were  repeated  at  least  once. 

RESULTS 

The  effect.s  of  protein  deprivation  on  liody  weight  are  shown  in  Figure  \. 
'ioth  intact  and  ovarieetoniized  rats  on  protein-deficient  diets  lost  from 
)•)  to  70  gm.,  or  approximately  one-third  of  their  initial  body  weight. 
)variectomized  rats  on  the  complete  diet  continued  to  gain  weight  at  a 
ate  slightly  greater  than  that  of  their  intact  controls. 
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Table  1.  Ooxadotroi'hic  content  of  anterior  pituitary  glands  in  intact  rats 


Total  (lose 

1 M..* 

No.  of 

( Ivaries 

Cterus 

to  donors  (ilamls 
No. 

Wt. 

(nig.) 

reeip- 

ients* 

Wt. 

(nig.) 

Folliele.s 

Interstitial 

eells 

wt. 

(mg.) 

0 

t) 

24 

7.0 

st 

deficient 

15.2 

1  /2 

4.8 

13 

7.1 

s 

deficient 

18.7 

Complete  1 

!».6 

12 

9.9 

s 

jiart.  rejiair 

18.6 

1  •-’ 

19.2 

14 

11.7 

s-sm 

repair 

22.8 

28.8 

12 

14.8 

sm,  m 

repair 

:io.() 

1  4 

:18.4 

29.5 

m-l.  Cl.  (few) 

repair 

71  .Oe 

0 

0 

21 

7.3 

8 

deficient 

14.9 

1  2 

2.5 

18 

6.9 

s 

deficient 

16.4 

I’roteiii-free  1 

4.9 

IS 

8.9 

s 

part,  repair 

18.5 

2 

9.8 

14 

17.2 

sm,  m 

repair 

52 .7e 

.3 

14.7 

3 

:12.9 

m,  ml 

repair 

93.  le 

4 

19.8 

4 

67 .8 

m-I 

repair 

113.8e 

*  Feniiik*  rats,  hypophysectomizcd  at  26-28  days  of  age  and  17-19  days  post-operative. 
They  were  maintained  on  stock  diet  I  (3)  plus  lettuce  twice  weekly. 

t  .\hl)reviations;  s=small,  sm=small  medium  (380-500  n),  m  =  medium  (550-650  n), 
ml  =  medium  large  (700-750  m)i  1=  large  (800-1000  mL  CL  =  corpora  lutea  and  e=cstrous 
uteri. 


Pituitary  bioassays 

Intact  donors.  Injection  of  one  anterior  pituitary  from  intact  rats, 
whether  fed  the  complete  or  the  protein-free  diet,  induced  partial  repair 
of  interstitial  cells  in  the  ovaries  of  recipient  rats  (Table  1).  This  do.se  level 
represents,  therefore,  the  MKl)  for  ICSH  activity;  complete  repair  of 
interstitial  tissue  was  attained  at  higher  dosages. 

Follicular  development  and  ovarian  and  uterine  weights  remained  un- 
afTected  when  one  pituitary  from  control  donors  was  injected;  two  pitui- 
taries  initiated  follicular  growth  in  less  than  one-half  of  the  injected  rats, 
whereas  three  glands  caused  follicular  growth  in  exce.ss  of  the  minimal 
histological  response  and  also  .significantly  increased  ovarian  and  uterine 
weights.  Therefore,  the  MFD  tor  FSH  activity  in  pituitaries  of  intact 
controls  was  considered  to  be  between  two  and  three  glands. 

.Vnterior  pituitaries  from  protein-deficient  donors,  likewise,  caused  no 
follicular  growth  when  one  gland  was  injected.  However,  two  pituitaries 
produced  a  follicular  response  which  exceeded  minimal  growth  and  which 
was  comparable  to  that  obtained  from  three  control  glands:  the  degree  of 
response  at  higher  dose  levels  also  confirmed  the  higher  FSH  content  in 
glands  of  rats  on  protein-free  diets.  Since  pituitary  weights  were  reduced 
in  protein-deficient  rats,  hypophy.seal  content  of  both  FSH  and  ICSH  ma} 
be  calculated  to  exceed  that  of  control  animals  per  milligram  of  anterior 
lobe  ti.ssue. 

Ovariectomized  donors. — Bioa.s.says  of  anterior  pituitaries  from  ovariec- 
tomized  rats  maintained  on  the  complete  diet  showed  the  anticipated  in¬ 
crease  in  gonadotrophic  content  (Table  2).  Doses  as  small  as  5  glanc 
caused  partial  repair  of  ovarian  interstitial  cells  in  most  recipient  rat> 


February,  1901 


PITUITARY  IN  PROTKIN  DKFICIENCY 


:j2i 


TaBLK  2.  CiOXADOTROPHIC  CONTEXT  OF  ANTERIOR  PITl  lTARY  GLAND.S  IN 
OVARIECTOMIZED  RATS 


Diet  f<‘<l 
to  <ioiior.>i 

Total  dose 

No.  of 
recipi¬ 
ents* 

Ovaries 

( 

Uterus 

wt. 

(mg.) 

(ilamls 

No. 

\Vt. 

(mj!.) 

Wt. 

(nig.) 
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Interstitial  i 
cells  ! 

0 

0 

Hi 

ti.ti 

s* 

deficient 

l.'j.i* 

1/Ui 

O.t) 

11 

8.(i 

s 

deficient 

17.0 

Complete 

1  /8 

i.:i 

1 1 

10.  ti 

s 

part,  rejiair 

17.1 

1/4 

2.5 

18 

14.7 

s-sm 

repair  ‘ 

24 .  (i 

1/2 

5.1 

17 

84. 0 

m-l,  Cl. 

repair 

ti7  .  .TC 

t) 

0 

Hi 

7 . 7 

S 

deficient 

Hi.  a 

1/Hi 

t».4 

i:i 

8.7 

s 

deficient 

Hi.ti 

Proteiii-free 

1/8 

0.8 

12 

10. a 

s 

part,  repair 

17.0 

1  /4 

1  .7 

20 

1 5 .  (i 

s-sm 

r<‘pair 

28.7 

1  /2 

a.H 

20 

41.4 

m-l,  ('1. 

repair 

ti0.8e 

*  Soo  footnotes  to  Table  1. 


liifj:her  doses  fully  restored  normal  nuclear  pattern  and  cell  size.  Doses  of 
4  gland  initiated  follicular  growth  in  some  assay  rats,  whereas  .V  gland 
gave  a  response  exceeding  minimal  stimulation.  .\t  the  latter  dose,  fol¬ 
licles  of  all  sizes,  corpora  lutea  and  estrous  uteri  were  observed.  Similar 
hioa.ssay  results  have  been  obtained  for  anterior  pituitaries  of  rats  ovariec- 
tomized  and  maintained  on  a  .stock  diet  of  natural  foodstuffs  for  one  month 
(10).  ■ 

Anterior  lobes  from  ovariectomized,  protein-deficient  donors  began  to 
repair  interstitial  cells  at  doses  of  I  anterior  pituitary  and  caused  follicular 
growth  at  doses  between  -4  and  i  gland.  No  difference  in  gonadotrophin 
content  could  be  detected  within  the  dose  range  tested,  between  the 
pituitaries  of  ovariectomized  rats  maintained  on  complete  or  protein-free 
diets;  qualitative  and  (luantitative  responses  of  the  reproductive  tracts  of 
recipients  were  comparable  at  the  same  dose  levels.  From  this  it  was  con¬ 
cluded  that  the  anterior  pituitaries  of  ovariectomized  rats  deprived  of 
dietary  protein  for  5  weeks  contained  as  much  FSH  and  ICSH  as  glands 
of  ovariectomized  rats  on  complete  dietary  regimen. 

Plasma  hioassays 

Intact  donors. —  In  agreement  with  previous  reports  (7),  neither  FSH  nor 
ICSH  activity  was  detected  in  the  plasma  of  intact  donors  by  the  bio¬ 
assay  metho{l  used,  even  when  total  doses  of  32-40  cc.  were  administered 
(Table  3). 

Ovariectomized  donors. — FSH  activity  could  be  detected  in  the  plasma 
of  ovariectomized  rats  on  complete  diets,  a  finding  in  agreement  with  pre¬ 
vious  reports  (7).  A  total  dose  of  It)  cc.  of  plasma  stimulated  follicular 
growth  in  the  ovaries  of  approximately  one-half  of  the  recipient  rats, 
whereas  24  cc.  exceeded  minimal  follicular  development;  the  MFI),  there¬ 
fore,  must  lie  between  the.se  two  levels.  Administration  of  10  and  24  cc. 
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Table  3.  (loNADoTRopnit’  potenty  ok  rat  plasma 
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Ft  crus 
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colls  1 
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18.0 
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5 
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12 

7.1 

s-sm 
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I 
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24 

7 
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27.3 
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8 
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1 

1 

8 

0 
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s 

deficient 
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1  Protein-free 

10 

10 

1 1  .0 

sm,  m 

deficient 

22.0 

24 

■ 
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m-ml 

<leficient 

^  38.1 

*  Soo  footnotes  to  T:i1>1p  t. 


of  plasma  from  ovariectomized,  protein-deficient  animals  resnlted  in  more 
follienlar  stimulation  and  greater  organ  weights  than  was  obtained  with 
e(|invatent  doses  of  plasma  from  ovarieetomized  rats  on  eomplete  diets; 
the  Mid)  for  FSII  appeared  to  be  slightly  less  than  Ki  ce.  Therefore,  an 
inerease  in  eireulating  FSII  activity  following  ovariectomy  occurred  in  the 
complete  absence  of  dietary  protein:  in  fact  the  increase  appeared  to  etpial 
or  even  exceed  that  observed  in  ovariectomized  rats  maintained  on  the 
complete  diet.  No  stimulation  of  interstitial  cells  (ICSII  activity)  was 
noted  after  injection  of  plasma  from  ovariectomized  donors  maintained 
either  on  complete  or  protein-free  diets. 

PHniUirij  ci/lologij. 

(Vrtain  distinguishing  morphological  characteristics  could  readily  be 
noted  in  the  pituitary  glands  of  ditferejit  types  of  donors,  even  though  no 
detailed  cell  counts  or  measurements  were  made. 


»)->- 

Fig.  2.  Viitorior  iiituitarv  of  fcmalo  rat  maintained  on  the  purified  eomideti'  diet, 
sliowiiifi  normal  appearanee  and  distribution  of  aeidojihils  (.V),  basophils  (H)  and 
ebromoiibobes  ((’).  (Mallory-Azan,  XSOO.) 

Fig.  3.  .\nterior  pituitary  of  female  rat  maintained  on  the  jirotein-free  diet  for  h  weeks 
Duo  to  deKranulation  of  acidophils  and  reduction  in  their  nuclear  and  coll  sizo  tie 
paronchyma  assunu'd  a  vory  donso  api)oaranco.  (Mallory-Azan,  XSOO.) 

Fig.  4.  Antorior  jiituitary  of  a  rat  ovarioctomizod  and  maintaipod  on  tho  purifioe 
oompleto  diot  for  5  woeks.  St'voral  onlargod  basophils  with  prominont  noKutivo  (lolfi 
imasos  and  a  “signot-rinK”  coll  aro  shown.  (Mallory-.Vzan,  X800.) 

Fig.  h.  Antorior  i)ituitary  of  a  rat  ovarioctomizod  and  maintainod  on  tho  protoin-fre 
diot  for  .1  wooks.  Typioal  castration  chanKos  (cf.  Fij;.  4)  aro  in  ovidonco.  ( Mallory- .\zae 
XSOO.) 
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Intact  donors. — Anterior  lobes  of  rats  fed  the  complete  diet  were  char¬ 
acterized  by  cells  with  ample  cytoplasm  and  large,  vesicular  nuclei  (Fig. 
2).  Comparable  areas  of  pituitaries  from  protein-deficient  rats  contained 
many  more  cells  per  unit  area,  judged  by  the  number  of  nuclei  in  any 
given  microscopic  field  (Fig.  3),  presumably  due  to  reduced  cell  size.  As 
previously  reported,  acidophils  were  decreased  in  number  (11).  Those 
remaining  had  deeply  .stained  nuclei  and  a  narrow  rim  of  degranulated 
cytoplasm.  Basophils  were  unchanged  or  slightly  increased  in  number. 

Oraricctomized  donors. — C'hanges  typical  of  castration  were  observed  in 
basophils  of  anterior  pituitaries  from  the  ovariectomized  control  rats;  the 
changes  ranged  from  increase  in  cell  number  and  size  with  enlargement  of 
the  (lolgi  apparatus  to  formation  of  “signet-ring”  cells  (Fig.  4).  Similar 
changes  were  present  in  pituitary  basophils  of  ovariectomized  rats  on 
protein-free  diets  (Fig.  o).  (beat  numbers  of  enlarged  basophils  with  prom- 
itient  negative  (lolgi  images  were  present  throughout  the  gland.  Regres¬ 
sive  changes  in  acidophils  previously  noted  in  anterior  lobes  of  intact  pro¬ 
tein-deficient  animals  were  likewise  present  in  glands  of  ovariectomized 
rats  deprived  of  dietary  protein. 

DISCUSSION' 

The  results  of  pituitary  and  plasma  bioassays  for  the  different  types  of 
experimental  animals  are  compared  in  Table  4.  They  demonstrate  that 
anterior  pituitaries  of  intact  female  rats  on  protein-free  diets  contained  as 
much  ICSH  and  slightly  more  F^SII  than  glands  of  intact  control  rats 
receiving  nutritionally  complete  diets.  Although  the  gonads  of  rats  on 
protein-free  diets  were  markedly  subnormal,  no  cytological  changes  typical 
of  castration  were  found  in  the  pituitaries:  at  most,  the  number  of  basophils 
was  slightly  increased. 

Xo  previous  reports  have  been  found  in  the  literature  relative  to  the 
gonadotrophic  content  in  pituitaries  of  female  rats  on  protein-free  diets. 
The  results  from  inanition,  which  necessarily  also  limits  protein  intake, 
have  been  conflicting  (12),  possibly  attributable  to  difl'erences  in  experi¬ 
mental  design  and  bioassay  methods.  Rinaldini  (Rl)  has  reported  that  food 
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re.striction  caused  a  sifiiiificant  increase  in  total  pituitary  {Jionadotropliic 
content,  as  judged  by  tlie  ovarian  wei^lit  response  in  liypopliysectoinized 
assay  rats.  This  increase  in  potency  has  been  found  to  be  closely  correlated 
with  definite  cytocheinical  changes  in  the  hypophysis  (14). 

There  have  been  several  reports  concerning  the  effects  of  other  dietary 
deficiencies  on  hypophyseal  }j;onadotrophins.  Vitamin  B, -deficiency  for 
two  months  has  been  shown  to  increase  markedly  hypophyseal  FSH  con¬ 
tent  (()),  as  judf?ed  by  criteria  identical  to  those  used  in  this  paper;  ICSll 
content  was  only  slightly  ^I'P^der  than  that  of  control  rat  pituitaries.  In 
contrast,  anterior  pituitaries  of  rats  deprived  of  thiamine  for  seven  weeks 
were  markedly  depleted  of  }ionadotroi)hic  hormones  {!.")).  Xo  uniform 
results  have  been  obtained  with  pituitary  bioassays  of  vitamin  M-deficient 
female  rats  (12).  In  this  study,  hi}»:h  levels  of  all  vitamins  were  provided 
to  insure  adecpiate  intake  and  to  rule  out  the  effects  of  other  dietary  de¬ 
ficiencies. 

The  findin}>:>^  of  a  slif»ht  increase  in  the  pituitary  content  of  FSII  in 
intact  rats  on  protein-free  diets,  without  detectable  rise  in  blood  levels 
and  accompanied  by  {gonadal  atroj)hy,  are  consistent  with  the  hyj^othesis 
that  protein  deprivation  results  in  failure  of  hormone  release  from  the 
pituitary,  i)robably  a.ssociated  with  a  reduced  rate  of  hormone  sythesis. 
Such  an  interpretation  has  been  advanced  previously  to  explain  the  effects 
of  acute  starvation  (lO).'  However,  ovariectomy  of  protein-deficient  rats 
greatly  increased  hypophy.seal  FSH  and  ICSII  content,  raised  circulating 
levels  of  FSH  and  brought  about  castration  changes  in  the  hypophysis. 
Furthermore,  the  increases  in  pituitary  and  plasma  gonadotrophic  levels 
were  ecpiivalent  to  those  obtained  following  ovariectomy  of  rats  main¬ 
tained  on  nutritionally  complete  diets.  It  appears,  therefore,  that  the 
pituitary  gland  is  able  to  respond  to  gonadectomy  with  an  increase  in  the 
production  and  release  of  gonadotroj)hic  hormojies,  even  in  the  complete 
absence  of  dietary  protein.  The  cytological  appearance  of  the  pituitary 
basophils  is  in  keeping  with  this  assumption. 

It  should  be  noted  that  protein  deprivation,  described  here  as  increasing 
pituitary  FSH  in  female  rats,  has  been  reported  to  reduce  the  content  of 
the  gonadotrophins  in  pituitaries  of  male  rats  (17,  IS).  Nevertheless,  gona¬ 
dectomy  of  young  male  rats  on  protein-free  diets  was  found  to  increase 
hypophyseal  gonadotrophic  content,  though  oidy  to  levels  prevailing  in 
intact  controls  (17). 
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ABSTRACT 

A  nuinbor  of  natural  and  synthetic  estrogens  and  tludr  structural  analogs 
were  tested  for  their  effectiveness  in  stimulating  or  inhibiting  the  estrogen  de- 
l)endent  i)yridine  nucleotide  transhydrogenasc  of  human  j)laeenta.  Diethyl- 
stilbestrol  is  a  pot(mt  stimulator  of  the  enzyme  system  at  low  eoneentrations 
but  is  an  inhibitor  at  eoneentrations  above*  3Xl(C®  M.  The  stilbestrol  analog, 

1.3  di-p-hydroxyl|)henyl  jeropane,  has  only  inhibitory  effects  on  the  system. 
Kstrololaetone,  testololaetone  and  A-1  testololaetone  neither  stimulate  nor 
inhibit  the  transhydrogenasc.  listrone  sulfate  has  stimulatory  activity  t'fpial 
to  estrone  or  estradiol  whereas  (‘stradiol  disulfate  is  inactive.  It  becomes  active 
when  the  sulfates  are  removed  by  solvolysis.  The  thiol  analogs  of  estradiol,  with 
an  —  SH  grouj)  in  place  of  the  —OH  at  carbon  17  are  not  dehydrogenated  by 
estradiol-1 7)8  (h'hydrogenase  nor  can  they  stimulate  transhydrogenasc.  They 
are  |)otent  iidiibitors  of  estradiol- 17/3  dehydrogenase,  with  the  /3  thiol  analog 
being  more  eff(*etive  than  the  a  thiol  tinalog,  but  are  only  weak  inhibitors  of  the 
transhydrogenasc.  Certain  inferences  are  made  regarding  the  structural  re- 
(luirements  for  activity  in  stimulating  the  transhydrogenasc  system. 

The  e-strogen-dependent  pyridine  nucleotide  transliydrogienase  of  hu¬ 
man  placenta  can  be  stimulated  liy  a  variety  of  estrogenic  substances 
(1,  2)  and  the  estrogenic  stimulation  can  be  inhibited  competitively  by  a 
number  of  antiestrogenic  compounds  (3,  4).  One  finding  of  special  interest 
was  that  diethylstill)estrol,  which  is  a  potent  estrogen  in  vivo  (o),  was  oidy 
weakly  estrogenic  when  added  alone  to  the  transhydrogenase  system  and 
it  decreased  the  rate  of  transhydrogenation  when  added  in  coml)ination 
with  estradiol  ((>).  Tliese  experiments  were  carried  out  with  the  solu))le 
proteins  obtained  by  high  speed  centrifugation  of  a  placental  homogenate. 
'Vith  the  development  of  methods  for  obtaining  more  purified  tran.s- 
hydrogenase  preparations,  a  reinvestigation  of  this  phenomenon  seemed 
''e.sirable.  This  paper  reports  tliat  at  very  low  concentrations  diethylstil- 
■  e-strol  is  a  potent  activator  of  the  estrogen  dependent  pyridine  nucleotide 
ranshydrogena.se  system,  one  with  a  molar  effect ivene.ss  comparal)le  to 
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estra<liol-17|i.  At  liigher  concentrations  it  l)ecomes  an  inhil)itor.  Tlie  in¬ 
vestigation  ^vas  extended  to  include  a  number  of  synthetic  substances 
structurally  related  to  the  natural  estrogens. 

MATERIALS  AND  METHODS 

Frosh  human  torm  jilacaMitas,  obtained  immediately  after  delivery,  were  homogenized 
and  eentrifuged  as  deseribed  previously  (7).  The  material  not  sedimented  by  a  foree  of 
r)7,0()()Xg  for  one  hour  was  treated  with  ammonium  sulfate  and  the  fraction  jireeijjitat- 
iiiK  between  30  and  40%  saturation  with  ammonium  sulfate  was  used  directly  in  some 
experiments  or  was  further  ])urified  befon*  use  by  the  method  of  Hagerman  and  Villee 
(S).  This  procedure  includes  heat  denaturation  of  contaminating  protein  and  adsorption 
of  the  active  protein  to,  and  elution  from,  calcium  phosj)hate  gel. 

Traushydrogenas*'  activity  was  measured  by  coupling  the  enzyme  with  glucose-ti- 
phosi)hate  dehydrogenase  as  a  TPNH  generating  system.  Assays  were  carried  out  in  a 
Ih'ckman  DC  si)ectroj)hotometer  at  23°  C  at  a  wavelength  of  340  in/a  in  glass  cuvettes 
with  a  1  cm.  light  i)ath.  Each  cuvtdte  contaiiu'd  200  micromoles  of  Tris  buffer,  i)H  7.4, 
10  inicromoh's  4XHC^  micromoles  of  Zn^,  3.8  micromoles  of  glucose-(i-])hos- 

phate,  0.4  Kornberg  units  of  glucose-O-phosphate  dehydrogenase,  0.05  micromoles  of 
TPN.  the  enzyme  ))reparation,  and  the  steroid  or  other  substance  to  be  tested.  The 
control  cuvette  di<l  not  contain  the  steroid  but  contained  an  equal  volume  of  the  solvent 
in  which  the  steroid  was  dissolved.  Tin*  final  volume  in  each  cuvette  was  3.0  ml.  Record¬ 
ings  wen'  ni'Mle  until  a  .stable  ba.seline  was  obtained;  then  the  reaction  was  initiated  by 
the  addition  of  3.4  micromoles  of  DPN  in  0.3  ml.  of  water.  The  ojdical  <lensity  at  340  in/x 
was  measured  at  (iO  second  intervals  for  a  i)eriod  of  11  or  more  minutes,  <luring  which  the 
change  in  ojjtical  density  with  time  was  linear.  To  make  comparisons  bi'tween  exi)eri- 
ments  using  diffen'nt  enzyme  prej)arations,  the  control  rate  for  each  experiment  was 
normalized  to  100. 

Measurements  of  transhydrogenase  activity  b\  the  n'action  DPNH-TAPDPN  • 
1)PN-|-.VPI)PNH,  were  carrh'd  out  in  a  Beckman  DE  spectrophotometer  at  23°  (’  at 
a  wavelength  of  400  ni/i,  in  glass  cuvettes  with  a  1  cm.  light  path.  Each  cuvette'  contaiiu'el 
200  micromoles  Tris  buffer,  pH  7.4.  1.3  micromoles  DPNII,  the  steroid,  enzyme  and 
wate'r  to  a  final  voliinu'  of  3.0  ml.  The  reaetion  was  started  by  the  afldition  of  1.5  micro- 
moh's  of  APDPN.  Sti'roid  was  omittt'd  from  the  control  cuvette. 

Estradiol  dc'hydrogt'uase'  ac'tivity  was  assayed  in  a  Beckman  DU  sp('('troi)hotom('t«'r 
at  23°  ('  at  a  wave'h'Ugth  of  340  m/x  in  glass  cuvettes  with  a  1  cm.  light  jiath.  Each  cuvette 
contaiiK'd  200  micromoles  of  Tris  buffer,  pH  8.4,  10  micromoles  of  Mg"*^,  25  mg.  of 
serum  albumin,  enzyme,  and  the  steroid  dissolved  in  propylene  glycol,  all  in  a  final 
volunu'  of  3.0  ml.  'I'he  control  cuvetti'  contained  an  ('([ual  volume  of  i)roi)ylene  glycol 
alone.  The  reaetion  was  bc'gun  by  adding  2.0  micromoles  of  DPN  to  all  tubes  and  tic 
reaction  was  followc'd  for  15  minutes. 


RESULTS 

The  effects  of  dietliylstilbestrol,  alone  and  in  combination  with  estradio 
on  the  activity  of  the  transhydrogena.se  .system  are  shown  in  Table  * 
Stilbestrol  is  an  inhibitor  when  added  in  concentrations  exceeding  8.7  X 10 
M  (1  MS-  i«l')  reported  previously  (8).  However,  between  8.7X10  ''  ^ 
and  8.7X10~^  M  stili)estrol  is  an  effective  estrogen  in  this  in  vitro  sy.steii 
with  an  activity  comparable  to  that  of  estradiol-1 7/3. 

Hstrololactone,  testololactone  and  A-l-testololactone  were  tested  ai 
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Table  1.  Effects  of  ESTRAi)ioi.-17^i  and  diethylstii.bestkoi.  on  the  estkooen 

DEPENDENT  PVKIDINE  Nl CLEOTIDE  THANSHYDROOENASE  OF  HCMAN  PLACENTA 


Estradiol 

1  )ieth 

ylstilbestrol  concentration. 

,  .M 

concent  rat  ion, 

M 

0 

3.7X10-7 

1.2X10-"  : 

1.7X10-" 

1  .2X10-" 

1  .2X10-^ 

0 

100 

120 

480 

100 

8.5 

44 

3.7X10-" 

133 

170 

520 

180 

155 

00 

3.7X10-^ 

255 

327 

435 

230 

100 

80 

3.7X10-" 

370 

300 

415 

222 

103 

100 

Change  in  optical  density  at  340  ixm  per  minute  during  the  initial,  linear  phase  of  the 
reaction  was  calculated  for  each  cuvette,  then  expressed  as  rate  relative  to  the  control,  to 
which  no  hormone  was  added,  set  at  lOt).  The  absolute  values  of  the  reaction  rates  in  the 
absence  of  added  hormone  of  the  enzyme  preparations  from  different  j)lacentas  us«-d  in  th(> 
experiments  summarized  in  tables  1,  2,  3,  ami  o  ranged  from  0.030  to  0.100  optical  tlensity 
units  per  ten  minutes.  The  values  for  estradiol  alone  are  the  means  of  eight  experiments,  tlie 
values  for  stilbestrol  alone  are  the  means  of  four  exi)eriments  and  the  values  for  the  various 
combinations  of  stilbestrol  and  estradiol  are  the  meatis  of  two  observations. 


found  to  l)e  without  effect,  over  the  concentration  range  from  10  ‘  M  to 
1()~'  M,  on  tlie  transhydrogenase  t5\\stem.  Titey  did  not  stimulate  the 
.sy.stem  when  added  aione  and  they  did  not  inhibit  the  system  wlten  added 
together  with  estradiol- 17/i.  Dibenzyline  was  also  tested  and  found  to  be 
without  stimulatory  or  inhibitory  activity. 

Kquilin  and  an  analog  of  stilbestrol,  l,d  di-p-hvdroxyphenyl  propane 
had  been  tested  previously  in  a  system  in  which  the  transhydrogenase  was 
coupled  with  i.socitric  dehydrogenase.  When  these  compounds  were  re¬ 
examined  with  the  estrogen  dependent  transhydrogenase  coupled  to 
gluco.se-(j-phosphate  dehydrogenase  the  results  obtained  confirm  and  ex¬ 
tend  the  earlier  observations.  Table  2  shows  that  efjuilin  is  a  very  effective 
stimulator  of  the  transhydrogenase  system  and  that  it  does  not  appear  to 
iidiibit  the  stimulatory  action  of  estradiol.  When  the  two  are  added  to¬ 
gether  at  low  concentrations,  their  stimulatory  effects  are  additive.  The 
stilbestrol  analog  had  no  stimulatory  effect  alone  but  was  a  potent  in- 
liibitor  when  added  along  with  estradiol  (Table  d).  This  confirms  our 
previous  findings  using  a  different  test  system  (d).  Thus  the  analog  differs 
from  stilbestrol  in  having  no  estrogenic  activity  at  low  concentrations. 


Table  2.  Effects  of  equilin  and  estradioi.-IT^^  on  the  estrogen  dependent 

I’YRIDINE  M CLEOTIDE  TRANSHYDROGENASE  OF  HI  .MAN  PLACENTA 


E(|uilin 

,  .M 

0 

1 .2X10-" 

1  .2X10-" 

1  .2X10-^ 

0 

100 

225 

340 

3(i2 

3.7X10-* 

127 

325 

H75 

t)83 

3.7X10-7 

227 

345 

300 

427 

3.7X10-" 

332 

353 

331 

253 

The  change  in  optical  density  at  340  m/x  per  minute  during  the  initial,  linear  part  of  the 
action  was  calculated  for  each  cuvette,  then  expressed  as  rate  relative  to  the  control,  to 
inch  no  hormone  was  added,  set  at  100.  The  values  are  the  means  of  two  observations. 
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Tablk  3.  Ekkects  of  estradiol- 17fj  and  1,3-di-p-hyi)roxyi>hexyl  propane  ox  the 

ESTROOEX  DEPENDENT  PYRIDINE  NlTfLEOTIDE  TRANSHYDROOENASE  OF  III  MAN  PLACENTA 


Kstnidiol,  M 

1,3  di-p-hydroxyphfiiyl  propiine,  M 

0 

1  .5X10-* 

1.5X10-* 

1  .5X10-^ 

0 

100 

104 

83 

51 

3.7X10-*> 

12.5 

70 

93 

04 

3.7X10-’ 

234 

188 

171 

70 

3.7X10-* 

270 

235 

181 

121 

The  chuDKc  in  optical  density  at  340  ni/x  per  minute  during  the  initial,  linear  part  of  the 
reaction  was  calculated  for  each  cuvette,  then  expressed  as  rate  relative  to  the  control,  to 
which  no  hormone  was  added,  set  at  100.  The  values  are  the  means  of  two  observations. 

A  series  of  experiments  with  estrone  sulfate  revealed  that  it  has  essentially 
the  same  stimulatory  effect  on  the  transhydrogenase  system  as  estrone  or 
estradiol.  In  contrast,  estradiol  disulfate  was  completely  without  activity 
in  (he  system;  either  as  a  stimulator  when  added  alone  or  as  an  inhibitor 
when  added  with  estradiol- 17/3.  The  estradiol  disulfate  was  subjected  to 
solvolysis  by  the  method  of  Burstein  and  Lieberman  (9)  for  24  hours  at 
room  temperature.  A  sample  of  estradiol- 17/3  was  carried  through  the  same 
procedure  as  a  control.  .After  solvolysis,  samples  were  dissolved  in  methanol 
placed  on  Whatman  #1  filter  paper  and  chromatographed  in  a  2:1  ligroin: 
toluene/70%  methanol  .sy.stem,  together  with  standards  of  estradiol-17/3 
and  estradiol  di.sulfate.  The  chromatograms  were  then  dried  and  sprayed 
with  ferroevanide  reagent.  Estradiol  disulfate  does  not  react  with  this  dye. 
The  sample  of  estradiol  disulfate  which  had  undergone  solvolysis  did  react 
with  the  dye  and  its  Hk  was  identical  with  that  of  the  standard  estradiol- 
17/3,  which  is  evidence  that  it  had  been  converted  to  estradiol.  The  prod¬ 
uct  of  solvolysis  was  tested  in  the  coupled  transhydrogetiase  system  and 
now  was  an  effective  stimulator  of  the  transhydrogenase  system,  as  effec¬ 
tive  as  pure  estradiol-17/3.  Thus,  although  the  hydroxyl  at  C  can  lie 
sulfated  without  lo.ss  of  activity  (as  in  estrone  sulfate)  sulfating  the  hy¬ 
droxyl  group  at  C'  17  results  in  complete  loss  in  activity.  The  activity  can 
be  restored  by  removing  the  ester  sulfate. 

Tiie  two  thiol  analogs  of  estradiol,  with  an  —SI I  group  in  place  of  the 
—  OH  group  at  carbon  17  in  the  a  and  /3  configurations  were  te.sted  as  sub¬ 
strates  and  inhibitors  of  estradiol  dehydrogenase  and  as  stimulator 
and  itdiibitors  of  the  estrogen  dependent  pyridine  nucleotide  transhy 
drogenase.  Neither  the  a-  nor  the  /3-thiol  was  dehydrogenated  by  the  pla¬ 
cental  estradiol  dehydrogenase.  The  —  SH  group  has  a  larger  Van  dc 
Waals’  radius  than  does  an  —OH  group  and  this  may  prev’ent  the  sul 
strate  from  fitting  properly  onto  the  active  site  of  the  enzyme;  or  th 
oxidation-reduction  potential  of  the  — SH  group  might  be  too  low  to  perm 
its  dehydrogenation  by  this  enzyme.  No  comparable  enzymatic  dehydro^  • 
enation  of  a  sulfhydryl  group  to  a  thioketone  is  known  in  mammalia 
metabolism.  Both  the  17|3  thiol  and  the  17a  thiol  compound  inhibit  tl  * 
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Table  4.  Effects  of  the  17  thiol  analocs  of  estradiol  o.n  EsTRAi)ioL-17f< 

DEHYDHOCENASE  (Di’X)  OF  III  MA.N  PLACENTA 


Cimci 

nntration  of  tliiol  analog,  M 

0 

4.6X10  • 

0.2X10  ‘ 

1.84X10  ■ 

'  4.6X10  i  0.2 

xio  ‘ 

l.;i8X10  ' 

1.84X10  * 

l.!t5X10-‘ 

20 

27 

25 

22 

16 

4 

0 

3 

11 

3 

13 

5 

0 

6 

6 

4.86X1(U‘ 

106 

6;i 

45 

10 

.30 

22 

17 

14 

47 

24 

18 

22 

*0 

5 

8 

it.  72X10  ‘ 

18:1 

i:i7 

1,56 

124 

46 

44 

44 

13 

115 

70 

16 

5 

0 

0 

- 

1.46X10  t 

170 

1.58 

121 

75 

68 

62 

40 

21 

125 

81 

48 

5 

0 

10 

7 

1.05X10  • 

180 

141 

06 

04 

06 

72 

54 

25 

132 

76 

78 

!H) 

40 

23 

17 

The  results  are  expressed  as  ehanges  in  optical  density  at  340  tun  for  the  initial  5  minutes  times  10^.  The  values  given 
are  the  means  of  two  or  more  obs<*rvations.  The  values  for  the  a  analog  are  given  above  and  the  values  for  the  analog 
are  given  below  in  each  row. 


(lehydrogenation  of  estradiol  l)y  estradiol  ilehydrogenase  (Tal)le  4).  The 
17(i  thiol  compound  is  a  more  potent  inhibitor  of  estradiol  dehydrogenase 
than  is  the  17a  thiol  compound.  The  enzyme  is  believed  to  attack  the 
alpha  side  of  the  steroid  (10).  Kstradiol-17a  is  a  potent  inhibitor  of  estra- 
diol-17|i  dehydrogenase  (11)  and  the  finding  that  the  17|iJ  thiol  is  a  more 
potent  inhibitor  than  the  17a  thiol  probably  reflects  a  greater  affinity  of 
the  enzyme  for  the  (i  thiol  compound  than  for  the  a  thiol  compound. 

Since  previous  experiments  had  indicated  a  recpiirement  for  a  ^-hydroxy 
or  a  keto  group  at  carbon  17  for  estrogenic  activity  in  the  transhydrogenase 
system,  the  possible  effect  on  this  system  of  substituting  a  thiol  group 
for  the  hydroxy  group  was  of  interest,  lixperiments  revealed  that  neither 
the  17)3  thiol  nor  the  17a  thiol  could  stimulate  transhydrogenation,  either 
in  a  system  coupled  with  glucose-ti-phosphate  dehydrogenase  as  TPNII 
generator  or  in  a  system  in  which  the  transfer  of  hydrogen  from  DPXII 
to  .\P1)PX  was  measured.  The  thiol  analogs  were  not  as  potent  in  inhibit¬ 
ing  the  transhydrogenase  as  they  were  in  iidiiliiting  the  dehydrogena.se 
(Table  o).  When  the  molar  ratio  of  thiol  analog:estradiol  was  10  there  was 


Table  5.  Effect.s  df  EsTRAi>i(iL-l7/i  and  the  17  thiol  analoc.s  of  estradiol  on 

THE  ESTROfiEN  DEPENDENT  PYRIDINE  NFCLEOTIDE  TRA.NSH YDROOENASE 
OF  HUMAN  PLACENTA 


Cone,  of  thiol,  M 

Control 

Estradiol 
3.7X10-“  .\r 
alone 

Estradiol 
3.7X10-*  .M 

plus 

estradiol-1 7d 
thiol 

Estradiol 
3.7X10-“  .M 

plus 

estradiol- 17« 
thiol 

3.7XH)-’ 

100 

213 

217 

220 

3.7X10-® 

100 

220 

242 

238 

3.7XU)-» 

100 

220 

237 

235 

.5.5X10-“ 

too 

217 

144 

220 

7.4X10-“ 

too 

212 

108 

172 

The  change  in  optical  density  at  340  m/x  per  minute  during  tiie  initial,  linear  part  of  the 
caction  was  calculated  for  each  cuvette,  then  expressed  as  rate  relative  to  the  control,  to 
chich  no  hormone  was  added,  set  at  100.  The  values  are  the  means  of  four  observations. 
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no  inhibition  of  transhydrogenase  with  either  the  thiol  or  tlie  a  thiol. 
An  inhibition  with  the  (5  thiol  analog  was  observed  only  when  the  molar 
ratio  reached  lo  and  an  inhibition  with  the  a  thiol  analog  was  not  observed 
until  the  molar  ratio  of  analog: estradiol  was  greater  than  20.  In  contrast 
a  marked  inhil)ition  of  the  estradiol  dehydrogenase  reaction  was  observed 
with  both  d  and  a  thiol  analogs  when  the  ratio  of  analog: estradiol  was  1. 

DISCUSSION 

These  investigations  show  that diethylstilbestrol  is  a  potent  stimulator 
of  the  placental  estrogen  dependent  pyridine  nucleotide  transhydrogenase 
when  added  in  vitro  at  low  concentrations.  The  effect  reaches  a  maximum 
at  about  10"’  M  and  the  substance  becomes  inhibitory  at  concentrations 
above  8X10  M.  A  remarkably  similar  phenomenon  has  been  described 
by  Mueller  (12)  in  the  effect  of  estradiol  on  phospholipid  .synthesis  by 
segments  of  rat  uterus  incubated  in  vitro.  At  concentrations  of  10"’  M 
estradiol  is  .stimulatory  but  at  higher  concentrations  it  is  an  inhibitor. 
Thus  this  .synthetic  estrogen  as  well  as  the  natural  estrogens  have  an  effect 
on  the  transhydrogenase  .system  which  parallels  their  effect  in  vivo.  In 
contrast,  the  analog  of  .stilbestrol,  1,8  di-p-hydroxyphenyl  propane,  which 
is  an  antiestrogen  in  ?vVo(18),has  only  inhibitory  effects  on  the  transhydrog¬ 
enase  system. 

The  complete  ineffectiveness  of  estrololactone,  testololactone  and  A-1 
test ololact one  as  either  stimulators  or  inhibitors  of  the  transhydrogena.se 
system  is  further  evidence  of  the  structural  requirement  of  the  configura¬ 
tion  around  carbon  17  of  the  steroid  molecule.  The  ineffectiveness  of 
estradiol  di.siilfate  as  a  stimulator  of  transhydrogenase  and  its  effective- 
ne.ss  following  its  solvolysis  to  free  estradiol  also  emphasizes  the  .structural 
reiiuirement  for  a  free  hydroxy  or  keto  group  at  carbon  17  for  activity  in 
the  transhydrogenase  .system.  The  inability  of  the  thiol  analogs  to  serve 
as  stimulators  of  transhydrogenase  further  points  up  the  reijuirement  for  a 
hydroxy  or  keto  group  at  carbon  17  for  biological  activity.  The  fact  that 
both  thiol  analogs  are.so  much  more  potent  inhibitors  of  estradiol  dehydrog¬ 
enase  than  they  are  of  the  estrogen  dependent  pyridine  nucleotide  tran.s- 
hydrogenase  is  one  more  example  of  the  different  characteristics  of  thesi 
two  enzymes  (11). 
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BIOASSAY  OF  LUTEINIZING  HORMONE* 

STANLEY  ELLIS- 

I)(  partnu  nt  of  Bioiheoiistnj,  Emory  Universily,  Atlanta,  Georgia 
ABSTRAC'T 

'i'lu'  iiicrraso  in  enntont  of  radio-iodinatod  serum  aU)umin  of  ininiaturo  rat 
ovaries  is  employed  as  an  index  of  the  hyperemia  produced  by  jutuitary  luteiniz¬ 
ing  hormone.  The  assay  method  consists  of  the  intravenous  injection  of  an  LH 
l)rcparation  follo\v(“d  by  two  micro-c\iries  of  radio-iodinated  serum  albumin  two 
lumrs  later,  .\fter  15  minutes,  both  ovaries  are  excised  and  measured  for  con¬ 
tent  of  the  traci'r.  The  regression  ecpiation  is  Y  =  1900  log  X-t-2300  and  has  an 
index  of  i)r(‘cision  of  0.14.  None  of  the  pituitary  hormones  excejit  FSH  inter¬ 
feres  with  the  specificity  of  the  ovarian  response  to  LH.  FSH,  when  present 
in  large  amounts,  decreases  the  slop**  of  the  LH  dose-response  lines  to  \  of  that 
given  by  highly  purified  LH  and  thereby  invalidates  LH  jxdency  estimates. 
.\fter  treatment  of  i)urified  FSH  with  OM  urea  for  24  hours  at  40°  (',  the  FSH 
potency  is  not  affc'cted  but  75%  of  the  contaminating  LH  is  inactivated.  Puri¬ 
fied  LH  is  inactivated  to  the  extent  of  9S%  under  the  same  conditions. 

OVAH  LAN  hyperemia  has  been  employed  as  an  end-point  for  the  detec¬ 
tion  of  pituitary  luteinizinp;  liormone  (LH)  and  of  ehorionie  gonado- 
trophin  (l-ll).  In  the  immature  rat  or  mouse  ovary  liyperemia  occurs 
several  liours  after  the  intravenous  injection  of  these  {ronadotrophins.  It 
would  appear  that  a  rapid  and  (piantitative  assay  for  luteinizing  hormone 
should  be  feasible  by  employing;  a  relatively  non-diffusable  tracer  .such  as 
radio-iodinated  .serum  albumin  for  estimating;  the  hyperemic  response.  The 
purpose  of  this  report  is  1)  to  describe  a  technitpie  for  the  cpiantitatix c 
measurement  of  ovarian  hyperemia  by  means  of  radio-iodinated  serum 
albumin,  2)  to  demonstrate  that  a  linear  relationship  exists  between  the 
dose  of  LH  and  the  content  of  radio-iodinated  albumin  in  the  ovary,  and 
d)  to  describe  some  observations  on  the  specificity  of  the  reaction  to  some 
pituitary  hormones. 

METHf)I)S 

Spraguc-I)awl(‘y  rat.s,  which  were  (Muployed  in  tlu'se  experiments,  weiglu'd  within  9 
grams  of  each  otlu'r  and  were  of  the  same  chronological  ag(“  in  each  assay.  Satisfacte  y 
results  have  been  obtained  with  rats  between  24  and  32  days  of  age.  The  animals  wi  e 
maintained  on  Purina  laboratory  chow.  For  the  purpose  of  maintaining  comparable  bh  d 
volumes,  it  is  f»f  utmost  importance  that  the  animals  have  access  to  an  adecpiate  supi  y 
of  water  at  all  times.  .Animals  showing  evidence  of  dehydration  should  be  discarded 
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Hormone  preparations  were  dissolved  in  saline  and  0.20  ml.  was  injected  into  the 
tail  vein  of  rats  immobilized  by  wrapping  in  eheese-eloth.  The  tails  were  warmed  in  a 
45°  C  water  bath  for  5  to  10  seconds  to  dilate  the  veins  and  facilitate  injection. 

Labeling  of  the  blood  of  the  animals  was  accomplished  by  injecting  2  micro-curies  of 
radio-iodinated  serum  albumin  (RIS.\)  contained  in  0.20  ml.  of  saline.  This  amount  of 
radio-activity  was  adecpiate  to  produce  sufficiently  high  ratios  of  ovary  to  background 
■ounts  for  a  counting  error  of  5%  or  less,  .\fter  allowing  exactly  15  minutes  for  mixing 
of  the  RIS.V  in  the  bloodstream,  the  rats  were  sacrified  with  chloroform  (approximate 
time — 1  minute).  It  is  essential  that  the  animals  are  comitletely  expinal,  since,  if  they 
ire  not,  the  hyperemia  is  visibly  lessened  and  the  content  of  RIS.V  in  the  ovary  ap- 
nroaches  control  values.  It  is  obviously  of  utmost  importance  to  avoid  the  loss  of  blood 
irom  the  ovary  during  excision.  For  this  reason  the  dissection  is  restricted  to  a  minimum: 
tlu'  ovary  with  its  oviduct,  adhering  peri-ovarian  adipose  tissue  and  capsule,  and  that 
portion  of  the  ovarian  vein  with  its  branches  which  lie  along  the  surface  of  the  ovary  is 
removed  as  a  single  unit.  The  amount  of  adipose  tissue  which  is  carried  with  the  ovary 
IS  not  critical  since  a  volume  of  this  tissue  equal  to  that  of  the  ovary  alone  doi's  not  con¬ 
tain  more  than  5%  of  the  total  radio-activity.  Hence,  a  single  cut  with  dissection  scissors 
:s  generally  sufficient  to  remove  the  ovary  and  surrounding  tissue.  'I'he  exact  method  of 
excising  the  ovary  is  not  critical  provided  that  the  same  landmarks  are  used  and  hemor¬ 
rhage  is  avoided.  Both  undissected  ovaries  are  transfernal  into  a  suitable  test  tube', 
washed  down  with  one  ml.  of  2M  NaOH  and  the  content  of  radio-activity  measured  in 
a  well-type  scintillation  detector. 

Pituitary  LH  (ovine,  NlH-LH-S-1),  prolactin  (ovine,  .\rmour),  and  growth  hormone 
(bovine,  .\rmour)  were  gifts  of  the  Fndocrinology  Study  Section,  FSH  2()4-l()l-X  and 
1.11-227-80  were  kindly  jrrovided  by  the  .\rmour  C’ompany  and  were  emi)loyed  as  stand¬ 
ards  each  of  which  was  arbitrarily  assigned  unit  potency  per  milligram.  Other  pituitary 
preparations  have  also  bi'en  emj)loye<l  where  indicated  and  have  bi'en  purifii'd  according 
to  methods  described  elsewlu're  (12).  Radioiodinated  human  serum  albumin  (RIS.V) 
was  iiurchased  from  the  .\bbott  Laboratories,  North  Chicago,  Illinois.  Statistical  calcu¬ 
lations  were  i)erfornied  according  to  the  methods  detailed  by  Burn  ct  al.  (13). 


RESULTS 

Development  of  Hyperemia  following  LH :  Luteinizing  lionnone  produced 
a  marked  iiyperemic  response  in  the  ovaries  as  early  as  one  hour  after 
iiitravenou.s  injection.  Figure  1  shows  tlie  magnitude  of  tlie  responses 
ol)tained  at  various  time  intervals  following  LH  injection.  In  this  and  other 
experiments,  it  has  been  con.sistenly  observed  that  the  maximal  content  of 
KISA  in  the  ovaries  occurs  between  2  and  2^  hours  after  LH  administra¬ 
tion.  Hence,  in  the  standard  procedure  for  the  assay  of  LH,  2  hours  were 
allowed  for  the  development  of  the  hyperemia  after  which  time  HISA  was 
injected  and  the  animals  were  sacrificed  15  minutes  later. 

Relationship  Between  RISA  Content  of  Ovaries  and  Dose  of  LH :  The  rela¬ 
te  )nship  between  dose  of  LH  and  the  hyperemic  response  as  measured  by 
t'  e  content  of  HISA  is  shown  in  Hgure  2  for  two  LH  preparations.  Armour 
1  -  I  227-80  was  used  as  a  .standard  and  LH  XIII-159-8  was  a  partially 
I  rifled  preparation  obtained  by  fractionation  with  IHC-50  (12).  A  linear 
d  ?se  response  relationship  was  obtained  between  0.5  and  2.0  pg  of  the 
^  indard.  The  regression  equation  for  the  standard  was  Y  =  1000  log 
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Fig.  1.  Rate  of  development  of  ovarian 
hyperemia  following  injeetion  of  partially 
imrified  slieej)  LH.  Vertical  bars  show 
standard  error;  five  rats  per  point. 


X+23()()  and  the  index  of  pieci.sion,  X,  was  0.14.  Closely  similar  results 
have  been  obtained  with  the  XIIl-LH-S-1  preparation  which  was  eipiipo- 
tent  with  the  Armour  standard  when  assayed  by  this  method.  The  maximal 
degree  of  hyperemia  which  can  be  achieved  by  LH  administration  amounts 
to  over  the  control  value.  Occasionally  the  content  of  radio- 

iodinated  serum  albumin  may  be  200%  or  higher;  such  values  are  false 
since  they  can  be  traced  to  contamination  of  the  ovaries  with  extraneous 
blood  during  excision. 

SpccificHy  of  Response:  Figure  1  shows  that  prolactin  produces  no  hyper¬ 
emia  either  at  1,  24  or  0  hours  following  the  injection  of  10  ^ug  of  the  hor¬ 
mone.  This  is  in  contrast  to  the  positive  effect  observed  by  other  investi- 


Fig.  2.  Doso-rosponse  lines  for  .\rmour 
LH  227-S()  and  a  partially  jnirified  sheej) 
LH  XllI-U)-3.  The  respective  regn'ssion 
(‘(piations  wen*  1=1 9.50  X-f-2()()0  and 
)’  =  LS39  X-l-2300.  The  potency  of  LH 
XI 11-10-3  was  0.00  with  a  range  of  0..5S 
to  0.7')  at  confidence  limits.  The 

mean  inilex  of  i)recision  was  0.12. 


n  I  I 
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Fig.  3.  Dose-response  line  for  Armour  LH  227-90  showinj'  j)hiteauing  of  responses  at 
liigh  doses  of  LH.  Dos(>-responsi‘  line  of  purified  sheep  FSH  prei)ared  by  zone  eleetropho- 
resis  (12).  Vertieal  bars  show  standard  error;  four  rats  ])er  point. 


jiiitor.s  (8,  11).  A  likely  explanation  of  the  discrepancy  may  lie  in  the  degree 
of  purity  of  the  different  prolactin  preparations  employed.  The  prolactin 
employed  in  these  studies,  Armour  Lot  No.  11-10109,  was  shown  to  be  free 
of  LH  and  FSH  at  a  total  dose  of  10  mg.  as  judged  by  the  ventral  prostate 
method  (14)  and  the  HCG  augmentation  test  (15).  Furthermore,  the  in¬ 
jection  of  graded  doses  of  LH  as  in  Figure  2  but  containing  a  con.stant  level 
of  prolactin  (10  mk)  gave  a  regression  equation  which  was  not  .statistically 
different  at  95%  confidence  limits  from  that  obtained  with  LI  I  alone. 
Similarly,  25  or  50  LT.S.P.  milli-units  of  corticotropin  (sheep)  were  without 
effect  when  injected  either  singly  or  with  graded  do.ses  of  LIL  Pitres.sin 
( Parke,  Davis)  in  doses  of  0.01  or  0.1  i.u.  and  growth  hormone  in  100  micro¬ 
gram  doses  were  without  effect  when  injected  either  singly  or  in  combina¬ 
tion  with  graded  doses  of  LH. 

.Ml  preparations  of  TSH  .so  far  te.sted  have  shown  the  presence  of  l.S  to 
20%  LH  relative  to  the  Armour  LH  227-00.  Since  the  LH  content  of  TSH 
decreased  from  20%  to  1.8%  as  the  potency  of  the  TSH  increased  from  1 
to  40  U.S.P.  units  per  mg.,  it  is  unlikely  that  TSH  has  any  significant 
In  peremic  effect  on  the  ovary.  Moreover,  the  .simultaneous  administration 
o<’  purified  TSH  (10  U.S.P.  units  per  mg.)  with  graded  do.ses  of  LH  showed 
n  t  augmentation  of  the  LH  response  nor  change  in  slope  of  the  dose-re- 
s;  onse  line. 

.Ml  preparations  of  f^'SH  obtained  in  the  course  of  FSH  purification  from 
si  cep  pituitaries  (12)  produced  ovarian  hyperemia,  when  administered  in 
h  ^h  doses.  Figure  8  shows  the  dose-response  line  obtained  with  a  purified 
s  'ep  FSH  which  had  a  potency  25  times  Armour  FSH  No.  264-141 X.  The 
e  lation  of  the  dose-response  line  was  Y  =  512  log  X 4-2100  showing  that 
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Fig.  4.  Effect  of  different  ratios  of  FSH 
to  LH  on  the  dose-response  line  of  purified 
LH  (NIH-LH-S-1).  FSH  (potency  .^0 
times  Armour  FSH  264-161X)  and  LH 
(XIH-LH-S-1)  combined  in  the  indicated 
ratios  and  injected  as  single  solution. 
Only  FSH:LH  in  the  5:1  ratio  ha<l  a  sig¬ 
nificantly  lower  slope  at  I’ =  0.05. 


the  slope  is  only  about  \  that  given  by  purified  LH.  In  crude  extracts  or 
fractions,  where  the  FSH  to  LH  ratio  was  nearly  the  same  as  that  found  in 
unfractionated  pituitary  extracts,  the  slopes  of  the  dose-response  lines  were 
etpial  to  that  of  highly  purified  LH  (Armour  227-SO).  However,  after  re¬ 
moval  of  the  major  part  of  the  LH  and  inert  impurities  .so  that  the  FSll 
potency  ranged  from  2  to  (JO  times  standard  (Armour  2()4-l()lX  or  Li  [10]), 
the  slope  of  the  dose  response  lines  (V  =  oo0  log  X-f  1590)  again  was  only  \ 
that  given  by  highly  purified  LH.  These  results  suggestetl  that  the  ratio  of 
FSH  to  LH  influenced  the  slope  of  the  dose  response  lines.  To  examine  this 
possibility,  three-point  assays  were  performed  on  solutions  in  which  FSll 
and  LH  were  deliberately  combined  in  various  ratios.  As  shown  in  Figure  1, 
FSH:LH  ratios  of  1 : 1  and  2 : 1  yielded  dose-response  slopes  which  were  not 
significantly  different  from  those  given  by  purified  LH  alone.  When  tlio 
ratio  of  FSH:LH  was  5:1,  the  slope  of  the  dose-response  line  (Y  =  11S() 
log  X-f:i0S7)  was  significantly  lower  at  P  =  0.05  from  that  given  by  LIl 
alone  or  the  1 : 1  and  2:1  FSH  :LH  solutions.  Therefore,  it  can  be  concludi 
that  potency  of  LH  cannot  be  estimated  validly  by  ovarian  hypereni  a 
when  FSH  is  present  in  large  amounts.  Fortunately,  this  situation  can  'C 
readily  detected  by  the  non-parallelism  of  slope  between  heavily  contai  i- 
nated  LH  and  a  relatively  FSH-free  LH  standard  .such  as  Armour  227-  0 
and  XIH-LH-S-1,  for  example.  The  diminution  in  .slope  of  the  do.se- 
spouse  lines  caused  by  high  FSH  :LH  ratios  such  as  those  present  in  pi.  i- 
fied  FSH  or  in  synthetic  mixtures  clearly  indicates  that  FSH  modifies  1  e 
responsiveness  of  the  ovary  to  the  production  of  hyperemia  by  LIL  Mo 
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Table  1.  Stability  ok  liH  and  FSH  ix  (>M  i  kea 


I’reparatioM 

Treat  inviit' 

•Mean  I.H  poteney 
(%  standard)^ 

Mean  FSH  poteney 
(X  standard)’ 

FSH 

1.  untreated 

8 

10 

2.  G  brs.,  25° 

1 

9 

3.  12  brs.,  25° 

3 

10 

4.  24  brs.,  25° 

2 

11 

5.  24  brs.,  40° 

2 

10 

l.H 

(i.  untreated 

100 

_ 

(XIIl-LH-S-l) 

7.  24  brs.,  25° 

20 

— 

8.  9  brs.,  40° 

4 

_ 

!t.  24  brs.,  40° 

2 

— 

*  One  per  cent  solutions  of  either  FSH  or  Ml  inculiated  for  the  indicated  times  in  tiM 
urea — 0.025M  XajM  1’04  — ().()25M  Xan2l’04,  jilI  7.0.  For  assay  solutions  diluted  with 
-aline  to  ajijiropriate  hormone  concentrations;  maximum  concentration  of  urea  which  was 
injected  with  the  hormone  did  not  exceed  0.2  ml.  of  O.IO.M  urea.  Potency  estimates  relative 
to  standards  were  derived  from  0  point  design  containing  four  animals  per  point.  I^evels  of 
significance:  FSH,  within  2  to  5,  P>.05;  between  1  and  2  to  5,  P<.0a;  LH,  between  8  and 
0,  P>.05;  between  0  and  7,  P  <.0o;  between  7  and  8  or  9,  1’>.05. 

2  .\rmour  LH  Xo.  227-80. 

’  .\rmour  FSH  Xo.  272-101  .\. 


over,  tlie  pre.'<euce  of  large  amounts  of  FSH  augments  (10)  the  hyperemic 
respon.se  of  tiie  ovary  to  LH  as  judged  by  tlie  increased  hyperemia  at  the 
lower  doses  of  LH  in  the  5:1  FSH :  LH  dose-response  line  shown  in  Figure  1. 

The  (piestion  as  to  whether  FSH  itself  possesses  a  hyperemic  action  iiule- 
pendent  of  contaminating  LH  has  been  difficult  to  ascertain,  since  all  prep¬ 
arations  of  FSH  studied  so  far  contained  varying  amounts  of  Idl.  With 
the  hope  of  selectively  inactivating  LH,  (iAI  urea  buffered  at  pH  7.0  was 
tested  for  its  effect  on  the  potency  of  FSH  and  of  LH.  As  can  be  seen  from 
'fable  1,  incubation  of  purified  FSH  in  this  medium  produced  no  reduction 
in  potency  whereas  purified  LH  lost  9S%  of  its  original  potency  after  0  or 
more  hours  at  40°.  With  regard  to  LH  contamination  in  FSH,  75%  of  the 
original  Id  I  contamination  was  lost  under  the  same  conditions  of  treat¬ 
ment.  It  should  be  noted  that  the  estimation  of  LH  contamination  in  the 
untreated  FSH  was  obtained  by  the  ventral  prostate  method  (14)  since 
lack  of  parallelism  between  FSH  and  the  LH  standard  discussed  above, 
prohibited  a  valid  estimate  of  potency  by  the  hyperemia  method.  After 
treatment  with  OM  urea,  the  slopes  of  the  dose-response  lines  were  no 
longer  significantly  different  from  those  given  by  the  LH  standards  so  that 
cAimates  of  LH  content  were  derived  from  hyperemia  data.  The  two  im¬ 
portant  features  of  these  re.^^ults  are:  1)  urea  treatment  increased  the  slopes 
c  the  FSH  dose-response  lines  to  that  given  by  LH  and,  2)  urea  did  not 
i  activate  as  much  apparent  LH  contamination  in  FSH  as  in  the  case  of 
p  irified  LH ;  i.e.,  75%  as  compared  to  98%.  The  identity  of  slopes  between 
t  e  urea  treated  FSH  and  the  LH  standard  would  tend  to  support  the 
li  pothesis  that  at  appropriate  ratios  of  P^SILLH,  the  FSH  causes  an  in- 
t  ‘ased  sensitivity  to  the  lower  doses  of  LH,  tliereby  reducing  the  slope  of 
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tlie  LII  dose-response  line.  The  persistenee  of  as  inueli  Lll  eontainination 
in  the  urea  treated  FSII  as  noted  above  is  difficult  to  explain.  It  may  he 
that  FSH  tends  to  stabilize  traces  of  LH  from  inactivation  by  urea  or  that 
FSH  has  some  intrinsic  hyperemia-producing  activity.  However,  no  data 
are  available  to  support  either  of  these  possibilities. 

COMMENT 

The  a.ssay  method  described  here  has  been  employed  in  estimating  the 
potency  of  various  pituitary  fractions  obtained  in  the  course  of  LH  purifi¬ 
cation  (12)  and  in  the  preparation  of  XHI-JJI-S-1  for  the  Kndocrinologv 
Study  Section.  The  chief  disadvantage  of  the  method  is  the  impossibility 
of  estimating  LH  potency  in  the  presence  of  large  amounts  of  FSH.  For 
routine  as.say  of  LH  potency  of  fractions  such  as  tho.se  ol)tained  in  LH 
purification  and  stability  studies,  the  method  is  extremely  useful  becausi' 
of  its  speed  and  precision.  Thus,  it  is  possible  to  perform  three-point  assays 
on  three  unknown  preparations  against  a  standard  employing  four  animal> 
per  group  and  obtain  the  results  at  the  end  of  the  same  day.  Two  operators 
and  injections  at  one-minute  intervals  are  re(|uired  for  a  schedule  of  this 
kind.  The  injections  and  autop.sies  can  be  performed  in  the  forenoon  and 
the  ovary  .samples  measured  in  the  afternoon. 
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A  STUDY  OF  TIIF  \'1RILIZING  EFFECT  OF 
PROGESTOGEXS  OX  THE  FEMALE 
RAT  FETUS 

(;.  K.  SUCHOWSKY  and  K.  .IUXKMAXX 

The  Research  Laboratories  of  Schering,  A.G.,  Berlin,  UVs/  Germany 
ABSTRACT 

A  series  of  progestogenie  steroids  has  been  evaluated  for:  (1)  virilizing  ac¬ 
tivity  during  gestation  on  the  female  fetus  of  the  rat,  (2)  androgenic  activity 
on  the  spayed  rat  seminal-vesicle  weight  and  on  the  chick-comh,  and  (3)  jjroges- 
tational  activity  on  the  rabbit  uterus.  The  results  indicate  that:  (1)  the  17«- 
hydroxyprogesterone-derivatives,  evcm  in  extremtdy  high  dosage,  exhibit  no 
masculinizing  properties;  (2)  the  alkylation  of  17a-hydroxyprogesterom‘-deriva- 
tives  may  lead  to  virilizing  activity’;  (3)  17a-ethinyl-testosterone  has  less 
virilizing  activity  than  any  of  its  derivatives  that  were  tested;  and  (4)  the 
most  virilizing  steroid  among  the  17a-alkyl-l9-nor-testost(‘rone  derivatives  is 
the  17a-methyl-compound;  the  17a'-ethinyl-comiK>und  and  its  17/3-acetate  an* 
remarkably  less  virilizing;  and  the  17-alkyl-estrenole  has  the  least  virilizing 
activity  of  this  group.  Preliminary  animal  studies  to  determine  the  relativt' 
j)otency  of  these  activite.s  should  be  undertaken  with  all  comirounds  that  are 
proi)os(*d  for  use  as  therapeutic  agents  in  human  pregnancy  disorders. 

The  (lev'elopment  of  synthetic  progestogens  has  resulted  in  tlie  prepa¬ 
ration  of  a  number  of  compounds  which  are  .superior  in  progestogenic 
potency  to  tire  relatively  weak  progesterone.  Some  of  these  new  substances 
have  been  derived  from  17a-hydroxyprogesterone  (Id),  and  .some  are 
derivatives  of  17a-alkyl-19-nor-testosterone  (2,  20,  10,  4,  21,  7,  17,  IS). 
'I'he  last  group  has  the  advantage  of  marked  oral  activity.  Because  these 
compounds  are  similar  to  17a-ethinyl-testosterone  (11)  and  related  to 
testosterone,  the  possibility  that  these  agents  also  may  have  androgenic 
properties  has  become  a  problem  of  importance.  Therefore,  several  investi¬ 
gators  have  studied  the  androgenic  activity  of  various  progestogens  by 
measuring  the  increase  of  weight  of  the  seminal  vesicles  and  ventral  pros- 
t'ite  in  castrated  male  rats  (28,  lo,  24,  2o). 

A  number  of  cases  have  been  reported  of  human  female  pseudohermaph- 
I  'ditism  following  the  administration  of  progestogens  during  gestation 
(  '0,  19,  14,  8,  29).  Some  of  these  cases  resulted  from  the  administration 
(■  17a-ethinyl-testosterone  (80),  and  some  from  the  use  of  17a-ethinyl- 
1  *-nor-testosterone  (19,  14, 8, 20).  The  changes  induced  in  the  genital  tract 
a  )pear  to  depend  upon  the  duration  of  the  gestation  when  the  treatment 
i>  started  and  do.sage  of  the  agent  that  is  given.  When  the  administration 
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was  started  in  the  l.‘ith  week  of  gestation,  a  fusion  of  the  lahioserotal  folds 
was  observed:  wlien  therapy  was  initiated  later  in  the  pregnancy,  an  en¬ 
largement  of  the  clitoris  took  place.  When  diethylstilhestrol  or  estrone 
sulfate  was  employed  simultaneously  with  the  progestational  medication, 
the  masculinizing  effects  seemed  to  be  enhanced.  The  virilizing  action  of 
these  compoumls  upon  the  female  fetus  seems  to  be  attributable  to  the 
androgenic  properties  of  the  .steroids,  since  androgens  admini.stered  during 
pregnancy  are  known  to  cause  masculinization  in  human  beings  and  in 
animals  (9,  (i,  12,  1(5,  1,  5,  22,  2(5,  27,  28).  In  view  of  these  observations, 
we  have  undertaken  a  series  of  experiments  to  determine  the  possible 
virilizing  properties  of  various  progestogens  on  the  female  fetus  of  the  rat. 

METHODS 

Vaginal  smears  were  taken  from  mated  females  and  studied  for  sperm.  Animals  with 
positive  smears  were  separated,  and  treatment  was  begun  on  the  Kith  and  ended  on  the 
19th  day  of  the  pregnancy.  .\11  eomijounds  were  administered  by  the  subcutaneous  route. 
On  the  20th  day,  the  fetuses  were  removed  frt)m  tin*  uterus  by  Cac'sarean  section.  The 
anogenital  distance  was  measured  and  the  fetuses  se])arated  into  males  and  females, 
('ross-sections  of  the  pelvic  region  of  the  females  were  prepared  and  studu'd  under  the 
steromicroscope  for  the  develoj)ment  c)f  the  vagina.  Later,  corres])onding  sections  wen' 
studied  microscopically.  These  results  will  !«'  i)ublished  ('Isewhere.  .\  total  of  13,000 
female  fetuses  have  been  examined.  .Vs  standards,  testosterone- 17/i-i)roi)ionate  was  used 
as  an  androgen  and  i)rog('sterone  as  a  progestogen.  'I'lie  androgt'nic  activity  was  assayed 
l)y  the  Dorfman’s  chick-comb  inunction  method  (:i).  The  i)r(»gestogenic  activity  of  all 
compounds  was  determined  by  a  modified  C'lauberg  test. 

RESULTS 

The  first  group  of  compounds  to  be  discu.ssed  are  the  ITa-hydroxy- 
progesterone-derivatives  (Figs.  1  and  2).  These  substances  differed  sig¬ 
nificantly  in  their  progestational  activity.  The  most  active  compound  was 
the  19-nor-17a-hydroxy-progesterone-acetate,  which  was  found  to  be  10 
times  as  potent  than  the  corresponding  lO-CHj  compound.  The  19-nor- 
17a-hydroxy-progesterone-caproate  proved  to  be  two  orders  of  10  more 
potent  than  the  19-CIl;t  steroid.  With  the.se  two  hydroxyprogesterone 
esters,  no  increase  of  the  seminal-ve.sicle  weight  was  observed  in  the  dos¬ 
ages  employed:  the  curves  of  the  chick-comb  body-weight  ratio  ran  parallel 
to  the  baseline;  the  anogenital  distance  remained  normal;  and  no  inhibi¬ 
tion  of  the  vaginal  development  was  detected. 

The  methylation  of  Ce  in  17a-hydroxy-progesterone-acetate  (Figs.  and 
4)  completely  changed  the  effect  of  the  original  compound.  Whereas  the 
progestogenic  potency  was  not  increased  by  this  structural  change,  tlx 
Ce  methylation  induced  a  slight  increase  of  the  seminal-vesicle  weight 
which  became  evident  at  the  higher  doses  and  a  slight  regre.s.sion  in  tlx 
chick-comb  body-weight  ratio.  Both  of  the.se  androgenic  manifestation' 
occurred  at  doses  which  both  exceeded  the  progestogenic  range.  The  viril 
izing  effect  of  the  Ce  methylafted  17a-hydroxy-proge.sterone  acetate  upoi 
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the  female  fetuses  was  striking,  and  almost  as  marked  as  in  the  testos¬ 
terone-1  T/^-propionate  treated  group. 

The  group  of  17a:-alkyl-testosterone-derivatives  (Figs.  .3  and  4)  showed 
a  slight  increase  of  progestogenic  potency  with  the  additional  alkylation 
in  Cft  and  C21.  However,  the  chick-comb  test  gave  a  more  pronounced  re¬ 
gression  line  with  17a-ethinyl-testosterone.  The  influence  of  the  compounds 
in  this  group  upon  the  increase  of  the  anogenital  distance,  and  the  effect 
upon  the  inhibition  of  vaginal  development  was  the  same;  and  the  mascu¬ 
linizing  activity  was  found  to  be  present  in  doses  within  the  progestogenic 
range. 

The  last  compounds  to  be  considered  are  the  19-nor-17a-alkyl-testos- 
terone-derivatives  (Figs,  o  and  (5),  a  group  which  is  important  because 
of  its  oral  activity.  The  first  compound,  17a-methyl-19-nor-testosterone, 
is  a  steroid  with  considerable  progestogenic  potency,  but  also  with  marked 
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androgenic  properties,  as  can  he  seen  l)y  the  seminal-vesicle  weight  in¬ 
crease  and  the  testosterone-17/3-propionate-tike  regression  line  in  the  chick- 
conih  test.  The  influence  upon  the  anogenital  distance  and  the  vaginal 
development  of  this  steroid  was  ecpial  to  that  of  testosterone-17|3  propio¬ 
nate  and  occurred  with  doses  within  the  progestogenic  range.  17a-ethinyl- 
H)-nor-testosterone  and  its  17d-acetate  showed  a  difference  in  progesto¬ 
genic  potency;  the  17|i-acetate  was  o  times  as  potent.  With  both  substances, 
the  androgenic  effect  upon  the  seminal  vesicles  became  evident  only  in 
high  doses,  and  the  chick-comb  test  line  showed  a  moderate  regression 
There  were  no  significant  differences  in  the  increase  of  the  anogenital  dis¬ 
tance  and  the  rate  of  vaginal  aplasia  that  were  induced  by  these  com¬ 
pounds.  In  the  latter,  the  masculinizing  effect  seemed  to  occur  with  dose 
that  were  a  little  further  from  the  progestogenic  range. 

The  significantly  less  potent  progestogens,  17a-ethinyl-A*  ‘®  -androstenc 
17f5-ol-d-one  (Figs,  o  and  (i),  had  a  slight  androgenic  effect  upon  the  sem 
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inal  vesicles,  and  a  regression  of  tlie  cliick-comh  body-ratio  line  which 
was  similar  to  that  of  the  ITa-ethinyl-lD-nor-testosterone.  However,  the 
virilizing  effect  of  the  compound  on  the  female  fetuses  was  much 
more  pronounced,  and  occurred  with  doses  within  its  progestogenic  range. 

The  final  compound,  17a-allyl-estrenole  (Figs,  o  and  (5),  was  a  rather 
weak  progestogen  with  a  striking  discrepancy  between  the  seminal-vesicle 
weight  increase  and  the  chick-comb  body-weight  ratio:  whereas  the  seminal 
vesicles  showed  no  increase  in  weight,  the  chick-comb  test  had  a  marked 
and  steep  regression  line.  The  masculinizing  effect  of  this  compound  upon 
the  female  fetuses  first  became  evident  as  an  increase  in  the  anogenital 
distance,  but  with  higher  doses  there  was  a  significant  inhibition  of  the 
vaginal  development. 

.\n  attempt  was  made  with  some  of  the  compounds  to  study  the  influence 
of  treatment  administered  at  different  stages  of  pregnancy  or  throughout 
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the  whole  period  of  gestation.  The  results  are  given  in  Figure  7.  Only  17a- 
ethinyl-testosterone  inhibited  the  vaginal  development  when  treatment 
was  begun  in  the  first  trimester  and  ended  on  day  S;  the  same  result  was 
obtained  with  treatment  started  in  the  seeoiul  trimester  of  gestation.  17a- 
methyl-19-nor-testosterone  was  found  to  be  virilizing  when  the  medication 
was  begun  in  the  .second  or  in  the  third  trimester. 


DISCUSSION 

These  studies  indicate  that  the  virilizing  properties  of  a  steroid  are  not 
nece.ssarily  paralleled  by  the  androgenic  activity  of  the  compound  as 
determined  by  the  increase  in  the  weight  of  the  seminal  ve.sicles  in  the 
.spayed  male  rat  or  by  the  increase  in  the  chick-comb  body-weight  ratio. Thi> 
di.screpancy  was  most  marked  in  the  compound  ()a-methyl-17a-hydroxy- 
proge.sterone-acetate,  which  in  our  investigations  was  as  virilizing  as 
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testosterone-17/!i-propionate.  We  l)elieve  that  a  difference  in  metal)()lism 
must  he  responsil)le  for  this  undesirable  activity.  The  R-keto-A^-system 
seems  to  he  protected  from  this  action  hy  an  additional  alkylation  in  ritig 
A  or  B. 

In  the  case  of  ITa-allyl-A^-estrene-lTd-ol,  in  contrast  to  all  other  steroids, 
the  3-011  sroup  (usually  formed  in  metabolism  hy  reduction  in  the  A  rin^) 
is  missing.  This  group  conjugates  with  glucuronic  acid  thus  facilitating 
rapid  excretion,  and  an  absence  of  this  group  apparently  explains  the  pro¬ 
longed  action  of  this  steroid.  In  unpublished  experiments  (27),  we  have 
found  that  methylation  apparently  is  much  more  effective  in  protecting  the 
.V  ring  than  ethylation. 

The  results  herein  reported  emphasize  the  necessity  of  performing  pre¬ 
liminary  studies  in  animals  with  all  compounds  which  are  being  considered 
as  agents  for  the  treatment  of  habitual  and  threatened  abortion  in  human 
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heings.  Tlie  evaluation  of  the  virilizing  activity  of  such  substances  can  be 
carried  out  easily  and  reliably  on  the  fetus  of  the  female  rat. 
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PITUITARY  GONADOTROPHINS  DURING  THE  OVULATORY  CYCLE 
OF  THE  DOMESTIC  FOWL 


ABSTRACT 

Muture  laying  hens  were  killed  8  hours  hefor*"  or  2  hours  after  ovulation.  The 
|)ituitary  glands  were  eolleeted  at  these  times,  pooleil,  and  their  gonadotrophic 
potency  coinpanal.  Threj*  hioas.say  methods  were  u.sed  in  making  the  comparison  - 
the  seminal  vesicle  and  uterine  weight  t<‘sts  in  immature  mice  and  the  ovulation  test 
in  j)regnant  mice. 

The  gonadotrophic  potency  of  j)ituitaries  tended  to  he  higher  in  birds  killed 
before  ovulation  than  in  tho.se  killed  after  ovulation;  only  in  one  experiment,  how¬ 
ever,  were  the  results  statistically  significant. 

The  results  obtained  are  comi)atible  with  the  view  that  before  ovulation  a  gona- 
dotrojjhin  is  released  from  the  pituitary  of  fowls,  but  because  of  the  relative  non- 
sj)ecificify  of  the  bioassay  methods  tised,  it  was  not  i)ossible  to  determine  whether 
this  gonadotrophin  was  FSII  or  LII. 

According  to  Fraps  and  his  associates  (1)  ovulation  is  caused  l)y  a  sul)stanee  tm  ined 
‘‘ovulation  inducing  hormone”  (01 H),  wliich  i.s  believ(‘d  to  be  identical  with  LII. 
These  workers  hav(‘  also  shown  (2,  3)  that  the  anterior  pituitary  is  essential  for  this 
process  and  that  ovulation  is  associated  with  the  liberation  of  the  hormone  or  hormones 
from  the  gland.  The  main  jturitose  of  the  jtre.sent  study  was  to  obtain  more  accurate  in¬ 
formation  on  this  poiid  by  comparing  the  gonadotrophin  concentration  in  the  i)itui- 
taries  of  mature  laying  hens  before  ovulation  with  that  after  ovulation. 

M.\TKKI.\LS  .\XI)  .MKTMbn.S 

Three  experiments  in  all  were  conduct(“d.  The  birds  to  be*  used  were  hou.sed  in  singhi 
cages  in  a  battery  house  at  20  weeks  of  age  and  they  were  kept  for  14  hours  in  the  light  and 
f»)r  10  hours  in  the  dark.  Food  and  water  were  available  ad  libitum. 

Timing  of  ornlalion 

Times  of  oviposition  were  noti'il  over  a  period  of  two  weeks.  From  this  it  was  possibh*  to 
estimate  ‘‘lag,”  i.e.  the  time  in  »‘xcess  of  24  hours  between  successive*  oviposition  in  a  clutch 
(4  I.  When  times  of  ovi|)osition  could  be*  j)redie*te*d  with  .seune*  ae*e*urae*y  it  was  peessible*  te)  de*te*r- 
mine  the*  appre)ximate*  time  of  ovidation,  which  neermally  fe»lle)ws  e)vipe)sitie>n,  by  aeleling  4.i 
minutes  te)  the  e)bs(*rve*el  time*  e)f  lay  (ii).  In  birels  kille*el  at  times  jueig)*d  te>  be  8  heuirs  b)*fe)n* 
eevulation  was  eliie*  te)  take*  pl!ie*e*,  a  fully  she*lle*el  e*gg  coulel  be*  palpate*)!  in  the*  ute*rus.  In  birds 
kille*)!  appr))ximate*ly  2  hours  after  eevidatieui,  it  was  possible*,  by  eligital  palpatieen  through 
the  ree*tum,  te)  e*h)*e*k  that  the*  libe*rate*)l  ovum  was  pre*se*nt  in  the  magnum. 

In  e*xpe*rime*nts  1  anel  2  the*  me*an  lag  pe*rie))l  was  calcideite*)!  jeeintly  fe)r  all  birels,  but  in 
experiment  3  it  was  eie*termine*)l  feer  inelivielual  birels. 

.1/  laxurfOK  nt.s  token  at  tsocrifiec  and  method  of  removing  the  pitnitarg 

Imm)*)liately  afte*r  sacrifie*)*,  the*  glanels  were  remeeve*)!  using  the*  te*)*hni)pie*  )le*se*ribe)l  b\ 
Hill  anel  Parkes  (0).  The*y  were  e*rushe*el  be*tw)*e*n  twe)  large*  micreesceepe*  slieles  anel  were*  elrie*)! 
in  a  warm  curre*nt  of  air,  accoreling  te)  the  metheeel  e)f  Kup])erman  atiel  his  associates  (7).  The 
glanels  we*re  subse*epu*ntlv  se*raj)e*)l  ))fT  the  sli)l)*s,  using  a  single*  e*)lge*)l  razeer  blaele,  we*r< 
weigheel,  grounei  into  p))W)le*r  anel  steereel  in  a  vacuum  el)*siccate)r  ceeiitaining  anhydre)U.s  cal)*iun 
chleeriele*.  .\fter  removal  e)f  the*  pituitaries,  the*  eevieluct  anel  eevaries  were*  carefully  re*m))V)*)l 
the  organs  were*  fre*e'el  from  fat  anel  ce)nne*e*tive  tissue*  anel  were*  W)*ighe*)l  een  a  teersieeii  balance* 
The  organ  we*ights,  te)ge*the*r  with  elata  ))n  e*gg  ))r)))lue*ti))n,  we*r)*  use*)!  to  check  that  th* 
twe)  groups  of  birels  in  each  expe*rime*nt  were*  ceemparable. 

R(*ceiv(')l  .June  6,  lObO. 

Pre'sent  .Veldress:  Clinical  Eneleecrineelogy  Re*si*are*h  Unit.  (Me*)lical  Research  (Mud 
cil),  The  University,  Edinburgh. 
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Hioaxuay  melhoiln 

Asisays  on  flic  unfractioiiatcil  pituitary  powder  were  performed  Wy  tliree  inetliods. 

(i)  Test  depending  iii)on  the  enlargement  of  the  seminal  vesicle  in  intact,  immature  mice 
(8,  i)) — experiments  1  and  3.  Five  animals  per  dosage  group  were  used  and  were  injected 
intrajieritoneally  twice  daily  for  4  days  before  necropsy  on  the  5fh  day. 

(ii)  Test  depending  upon  the  enlargement  of  the  uterus  in  intact,  immature  mice  (10)  - 
experiment  3.  Five  animals  per  dosage  group  were  used  and  were  injected  subcutaneously 
twice  daily  for  4  days  before  necropsy  on  the  fifth  day. 

(iii)  Test  depending  upon  ovulation  in  pregnant  mice  (0,  II) — experiment  1?.  Ten  animals 
p»‘r  ilo.sag<“  group  were  used  and  wer»“  injected  once  intrajierifoneally ;  after  18  hours  the 
Fallopian  tubes  were  examined  for  the  pre.sence  of  ova. 

.\il  doses  of  jiituitary  powder  were  calculatc'd  in  “Pituitary  Kipiivalents”  (P. Iv).  One 
P.F.  was  defined  as  the  amount  of  pituitary  powder  ecpial  to  the  mean  dried  weight  of  the 
glands  containeil  in  each  ])ooled  .sam])h‘  of  powder.  The  powder  was  prepanal  for  injection  by 
suspension  in  distilled  wafer,  rerpiisite  dose  levels  being  obtained  liy  serial  dilution.  .\  total 
volume  of  2  cc.  was  injecteil  in  tests  (i)  and  (ii)  and  0.5  cc.  in  test  (iii). 

Slatixl  irti  I  m  vth  oil.s 

In  the  seminal  vesicle  and  uterine  weight  tests,  the  organ  weights  were  transformed  to 
Login  organ  weight-body  w<>ight  ratios.  This  transformation  has  been  shown  to  reduce  varia¬ 
tion  due  to  differences  in  body  weights  of  the  assay  animals  and  to  control  the  tendency  of 
the  variance  about  the  nu'an  to  increase  at  higher  dose  levels  (12,  13). 

The  ovulation  test  in  mic«‘  dei)ends  on  a  ([uantai  (all-or-none)  response,  and,  bcca\ise  of 
this,  the  figures  obtained  were  transformed  into  probits.  The  methods  used  iu  coiulucting  the 
probit  analysis  and  the  analysis  of  variance,  in  performing  validity  tests  and  in  calculating 
the  indices  of  precision,  relative  potencies  and  limits  of  t>rror,  have  be«“n  dt'seribed  (dsewhere 
(14,  1.5).  It  shouhl  be  emi)hasise(l  that  in  all  assays  listed  in  Table  1,  validity  tests  were  satis¬ 
factory  and  that,  in  particular,  there  was  no  significant  deviation  from  parallelism  in  any 
.assay. 

KKsui/rs 

Tlie  gonadotrophic  potmicies  oldained  with  tlie  3  as.say  metliods,  fiducial  limits  of 
error  and  the  ])recision  of  tin*  assays  are  listed  in  'rahh'  1. 

The  gona(lotroi)hic  ])otency  of  pituitaries  collected  before  ovulation  tend,  on  average, 
to  he  higher  than  that  in  glands  collecteil  afterwards.  However,  oidy  in  the  case  of  experi¬ 
ment  3.  where  both  the  seminal  vesicle  wcught  and  uterine  weight  methods  were  uscal, 
was  the  figure  for  “t”  in  the  range  generally  accepted  as  heung  significant. 

The  index  of  discrimination  (15)  has  ht'en  widely  used  as  a  nu'ans  of  detecting  the 
])resenee  or  absence'  of  epialitative  differences  (Ifi).  The  index  is  calculated  by  dividing 
till'  mean  iiotency  ratio  in  one  ti'st  by  the  corri'sponding  figure  in  anotlu'r.  It  is  ('lose 
to  unity  when  2  substances  possessing  idi'iitical  biologii'al  activity  an*  assayi'd;  it 
diverges  considerably  from  unity  when  the  materials  being  assayed  ari'  (pialitatively 
differi'iit.  In  exjx'riment  3  the  index  of  discrimination  (seminal  vesicle/uterus)  was  l.Sl ; 
this  figuri'  suggi'sts  that,  with  this  combination  of  assays,  thi'  presi'iii'c  of  a  ipialitative 
difference  was  not  deti'cted. 


DISCUSSION 

111  this  study,  the  times  of  sacrifice  of  the  birds — 8  hours  hefori'  ovulation  and  2  hours 
after  ovulation  were  selected  in  the  liojie  that  maximal  diffi'renci's  of  iiituitary  gonado- 
troiihic  iiotency  might  he  obtained.  It  appi'ared  reasonable  to  assume  that,  in  birds 
killed  S  hours  before  ovulation,  the  stimulus  for  tlii'  release  of  the  gonadotroiihin  causing 
ovulation,  might  not  have  been  ri'ceived,  and  that  the  pituitarii's  of  such  birds  might 
he  expected  to  contain  maximum  amounts  of  gonadotroiihins  (2).  On  the  other  hand,  in 
birds  killed  2  hours  afti'r  ovulation,  “ovulating  hormoni'”  would  presumably  have  been 
released  and,  under  these  circumstances,  the  jiituitary  gonadotroiihic  poti'iicy  might  he 
exiM'cted  to  he  low.  It  has  hei'n  suggi'sted  (17)  that  the  interval  hetwei'ii  stimulation  of 
the  pituitary  and  ovulation  itself,  ma}*  vary  from  8-14  hours;  if  this  should  he  trui',  then 
the  glands  collected  8  hours  before  ovulation  might  not  contain  maximal  amounts  of 
gonadotrophin,  and  the  times  selected  for  sacrifice  might  not  have  been  optimal. 

The  present  study  has  not  yielded  positive  information  as  to  v.hether  pituitary  FSH 
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or  LH  is  ri‘si)oiisil)l»'  lor  ovulation  in  the  hen.  Tliis  is  lar>;ely  <lne  to  the  faet  that  noiu' 
of  the  assay  methods  used  was  speeitie  for  one  or  other  liormone.  Tlie  finding  of  an 
index  of  diserimination  in  experiment  3  of  less  than  2.00  also  sugs^'f^ts  that  there  was  no 
(jnalitative  difference  in  the  nona(h»troi)hin  content  of  the  two  jjronps  of  jilands.  It 
would  he  of  considerable  interest  to  rei)cat  this  work,  nsinn  assay  methods  such  as  tlu> 
ovarian  “augmentation”  test  in  mice  (IS),  and  the  hypoidiysectomised  rat  i)rostate  test 
(19,  20)  which  arc  f?encrally  assumed  to  be  reasonably  specific  for  FSH  and  LII  activities 
resi>ectively. 

The  evidence  presented  herein  is  consistent  with  the  view  that  release  of  a  hormone 
(or  hormones)  from  the  pituitary  subsecpiently  brings  about  ovulation.  To  obtain  more 
precise  information  it  would  be  necessary  to  measun*  i)ituitary  gonadotr(»phin  iiotencies 
at  other  selected  time  intervals  using  bioassay  methods  specific  for  LH  and  FSH. 

Acknoidcdgmcnia 

'I'hc  author  wishes  to  thank  .Mr.  D.  Twinn  for  his  technical  assistance  in  conducting 
this  study,  and  Dr.  ,1.  Lorainc  for  his  helpful  advice  and  criticism  in  the  prei)aration 
of  the  manuscript. 

Kkith  E.  Kikkii.vm 

School  of  Agriculture 
Cambridge,  England 


REFERENCES 

1.  Fkai’s,  H.  AL,  ^E  \V.  Olsk.n  .and  IL  H.  Nkhkr:  Croc.  Soc.  exp.  liiol.  Med.  50:  3()S. 
1942. 

2.  UoTHCUiLi),  I.  .\Ni>  R.  M-.  Fu.xi’s:  Endocrinologg  44:  134.  1949. 

3.  UoTHCHiLi),  1.  .AND  U.  .M.  Fk.ai’s;  Endocrinologg  44:  141.  1949. 

4.  Fkai's,  H.  M.:  /Vor.  Sat.  .\ead.  Sei.  UV/.s/i.  40:  34S.  1954. 

5.  W.AUUKN,  1).  ('.  AND  H.  .M .  Sc'OTT:  Poult.  Sci.  14:  195.  1935. 

().  Hill,  R.  T.  and  A.  S.  R.ahkks:  Proe.  Hog.  Soe.  (B).  115:  402.  1934. 

7.  Kupi'KIlman.  H.  S.,  \V.  H.  Eldkh  and  R.  K.  Mkykk:  Endocrinologg  29:  23.  1941. 
S.  (luKLi>,  R.  ().,  H.  L.  Fka'old  and  h'.  L.  Hisaw:  .\nat.  Pec.  65:  201.  1930). 

9.  Ladman,  .\.  .1.  AND  M.  N.  Runnku;  Endocrinologg  48:  35S.  1951. 

10.  Lkvi.n,  L.  and  H.  H.  Tyndall:  .\mer.  J.  Phgsiol.  119:  300.  1937. 

11.  Ruhdick,  H.  O..  H.  W.ATsoN,  V.  ('i.AMP.A  AND  T.  ('lAMi’.A;  E ndocrinologg  33 :  1.  1943. 

12.  Kikkuam,  K.  E.;  Ph.D.  Thesis.  I'niv.  Lib.  (’ambridge.  1957. 

13.  Emmkns,  C.  \V.:  In  Hormone  Assag,  .\cademic  Pn'.ss:  N.  Y.  1950. 

14.  Finnky,  1).  ,1.:  In  Slatutical  Method  in  Biological  .\ssag.  London:  (Irifhn.  1955, 

15.  (l.ADDU.M,  J.  H.:  In  Polgpeptides  ichieh  Stimulate  Plain  Muscle.  Edinburgh:  Living¬ 
stone.  1933. 

10.  Loraink,  .1.  .V.:  Clinieal  .\ pplication  of  Hormone  .\s,sng.  E<linburgh:  Livingstone. 
19,58. 

17.  Van  Tiknhovkn,  .\.,  V.  Nalrandov  and  H.  \V.  Nf)RT()N:  Endocrinologg  54: 
005.  1954. 

18.  Brown,  P.  S.:  J.  Endocrin.  13:  ,59.  19,55. 

19.  CiRKKP,  R.  O.,  H.  B.  Van  Dykk  and  B.  F.  ('how:  Endocrinologg  30:  035.  1942. 

20.  Loraine,  j.  .V.  AND  ,1.  B.  Brow.n:  .\cto  Endocr.  Copenhagen  17:  25.  19,54. 


354 


XOTKS  AXl)  COMMKXTS 


Volume  6S! 


PHKVKXTIOX  OF  IXSI  LIX-I”'  ADSOHI’TIOX  TO  (ILASS 
ABSTRACT 

It  hits  .«ho\vii  that  liiimaii  soriim  alhiitniii  in  a  final  (‘oncentration  of  0.5 

niK.  ml.  can  effectively  prevent  in.>iulin-l'''"  from  Being  adsorbed  to  glass  surfaces. 

Of  the  insulin-I*^'  introduced  to  the  ,syst«‘m  05.8%  was  r(‘coverahle  when  precipi¬ 
tated  with  20%  trichloroacetie  acid  after  a  period  of  incid)ation  for  30  minut<‘s 
when  protected  hy  this  concentration  of  albumin.  It  appears  that  human  serum 
albumin  can  be  reliably  employed  t(t  protect  insulin-I'”  when  dilutions  of  standards 
or  working  solutions  an*  mad<‘  for  radioactivity  measurements. 

Radioactive  itroteiiis  liave  been  shown  to  be  adsorbed  to  glass  surfaces  by  several  in¬ 
vestigators  (1-0).  Xewerly  and  Berson  (2)  have  rejtorted  that  these  labeled  jtroteins 
adsorb  non-specifically  to  nearly  every  inert  surface.  More  specifically,  materials  re¬ 
portedly  adsorbing  railioaetive  itroteins  are  jn  n'x  glass  containers,  siliconized  glassware 
and  polyethylene  r(‘ag«‘nt  botth's  (3).  Magnus  et  al.  (7)  demonstrated  the  loss  of  activity 
of  tnbercidin  preparations  in  smdi  mattuials  as  (piartz,  nylon  or  silicone-tn'ated  ampules. 
\\  hen  measuring  tin*  radioactivity  of  less  than  microgram  (juantities  of  labeled  proteins 
having  a  high  specific  activity,  such  as  encountered  when  preparing  standards  and 
working  solutions,  the  loss  of  radioactivity  to  the  vessel  becomes  a  prime  consideration. 

Some  agents  ai)pearing  in  tlu“  literature  that  i)rotect  radioactive  proteins  against 
adsori)tion  to  glass  an*  gelatin  (3,  8).  plasma  albumin  (4)  and  bovine  albumin  (1). 
Williams  ct  al.  (5)  statetl  that  the  loss  of  radioactivity  by  adsorption  could  be  minimized 
by  addition  of  several  milligrams  of  protein.  However,  there  are  no  data  in  the  literature 
concerning  the  minimum  concentration  of  adde<l  protcun  necessary  to  prevent  the  loss 
«)f  radioactive  jn’oteins  to  glass  surfaces.  The*  work  hert‘in  i)n‘sented  outliiu's  a  sim])le 
ami  convenient  (piantitative  nudliod  of  measuring  the  loss  of  insidin-F'”  to  glass  surfaces, 
and  establishes  a  minimum  effective  level  of  added  proteins  at  whi(di  the  insulin-l”*  can 
b(>  protc'cted  from  adsorption  to  glass. 

MKTIlons  .X.Nl)  M.\TKKI.\I,S 

Iiisulin-B’*'  was  dialyzed  at  2-.t°  C  against  0.01  M  .sodium  phosphate  buffer,  pll  7.4,  for 
about  18  hours,  anil  then  appropriately  diluted  with  0.01  M  sodium  phosphate  huffer.  Stock 
human  serum  albumin  (2.50  mg./ml.)*  was  diluted  with  0.25.M  sucro.se-0. 1  .M  sodium  phos- 
])hate,  i)H  7.0.  .Ml  glassware  and  reagents  were  maintained  at  2-5°  C. 

One  ml.  of  diluted  IIS.V,  and  one  ml.  of  dialyzed  insulin-I*’‘  were  jilaced  in  a  20  ml.  glass 
beaker.  The  concentration  of  the  insiditi  ranged  from  0.87  X  lO"*  Mg-Znil.  to  1.32X10  *  Mg-/ml- 
The  radioactivity  of  insulin-I‘*‘  working  .solution  was  0.04  (0.035-0.037)  microcuries  per  ml. 
One  ml.  of  0.25.\1  sucro.se-0. 1  M  sodium  jihosiihate  buffer,  pll  7.0,  plus  one  ml.  of  insulin-I'*' 
were  used  for  the  “O’’  .samples.  Samples  were  incubated  in  a  Dubnoff  metabolic  incubator  at 
85  excursions  per  minute  for  30  minutes  at  37°  C.  .\t  the  termination  of  30  minutes  0.2  ml 
(.50  mg.)  of  stock  IIS.V  was  fpiickly  added  to  each  sample  to  facilitate  jirecipitation  (5i. 
Samples  were  then  immediately  poured  into  six  ntl.  of  20%  trichloracetic  acid  (TC.V).  Kach 
beaker  was  rinsed  twice  with  a  total  of  abmit  one  ml.  of  distilled  water  and  then  inverted  to 
ilrain  for  15  minuti's  at  room  temperature.  The  wash  was  combined  with  the  apjtropriati 
samples.  3'he  TC.V  precipitates,  containing  the  precijiitable  insulin-I'*‘,  were  collected  bi 
centrifugation.  The  TC.V  supernat mints,  representing  the  non-iirecipitable  radioactiviti 
were  decanted  and  diluted  for  counting.  The  TC.V  precipitated  irellets  were  washed  one  tinv 
with  5%  T(\V,  centrifuged,  and  the  second  supernatants  were  discardeil.  The  TC.V  pre 
cipitated  pellets  were  iligested  with  30%  K<  >11  and  suitable  aliipiots  were  taken  for  countini; 

For  recovery  of  the  adsorbed  radioactivity,  four  ml.  of  30%  KOH,  which  facilitated  r< 
moval  of  the  ad.<orbed  insulin-I‘*‘  (1),  was  added  to  each  beaker,  and  the  beakers  were  n 
turned  to  the  Dubnoff  for  five  minutes.  The  total  volume  of  the  beaker  wash  was  decanti 
into  vials  for  counting. 

Four  ml.  aliipiots  of  all  samples  were  placed  in  screw-cajiped  vials  and  counted  in  a  wel 
type  scintillation  counter  attached  to  a  conventional  scaler. 

Received  .Inly  18,  1900. 

*  Obtained  from  Abbott  Laboratories,  Oak  Ridge,  Tennessee. 

*  Till'  human  serum  albumin,  abbreviated  HS.V,  was  obtained  from  ('utter  Labor 
tories,  Berkeley,  California.  The  HS.V  can  be  outdated  material  provided  it  is  kc 
sterile  and  refrigerated. 
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Table  1.  Eekeit  oe  hi  max  sekitm  albi  mix  (USA)  ox  adsorptiox  of 

IXST’LIX-I*’*  TO  GLASS 


P3nal 

concentration 
of  USA 
(mg.  ml.) 

Number  of 
sa  mjiles 

Per  cent 

recoverable  radioactivity* 

T('A 

precii)itate 

TC'.V 

supernatant 

30%  KOH 
bi'aker  wash 

0 

20 

08.7  ±2.33** 

5.0+0.. 50** 

2t).9  +  1 .95** 

0.1 

10 

89.2  +  1.43 

3.3+0.25 

7.1+1  .01 

0 . 5 

10 

95.8  +  0.70 

1 .0  +  0.00 

3.3  +  0.48 

1  .0 

10 

93.1 + 1 .01 

1  .4+0.10 

2.4+0.19 

.5.0 

9 

95.8+0.80 

1  .0+0.07 

2.1  +0.17 

10.0 

20 

95.8+0.. 50 

1  .3  +0.24 

2.2+0.18 

2.5.0 

10 

94.7  +0.!»2 

1 .5+0.00 

2.4+0.22 

.50.0 

0 

95.0+0.80 

1  .7  +t».07 

1  .8+0.20 

*  Tlic  per  ('('lit  rccovenihlc  rinlioactivity  values  are  means  of  values  individually  deter' 
mined  using  the  numher  of  samples  specified  in  the  appropriate  group. 

**  Standard  error  of  the  mean. 


kesults  and  discussion 

From  I'alile  1  it  can  he  seen  that  a  20.9%  loss  of  iiisulin-l'''*'  by  adsorption  resulted 
in  30  minutes  when  no  carrier  protein  was  iiresent.  This  is  consistent  with  the  findings 
of  Hill  (3)  and  Hull  (fi)  of  an  initial  rapid  loss  of  radioactivity  from  solutions  followed 
by  a  slower  loss  when  insulin-l*’*  was  dilutt'd  without  aeeomiianying  protein.  However, 
when  0.1  mg.  nil.  final  eoneentration  of  HS.V  was  introduced  to  the  ineubateil  sample, 
a  iK'arly  three-fold  drop  in  adsorption  to  the  gla.ss  was  observi'd.  Only  l.S%,  of  the  total 
radioactivity  remainetl  in  the  beaker  when  a  oOO  fold  increase  of  the  initial  eoneentration 
of  HS.V  was  reached. 

Further,  one  can  see  from  these  data  that  little  increased  protection  of  the  radioac¬ 
tivity  has  been  achieved  by  increasing  the  concentration  of  HS.V  above  0..t  mg.  nil. 
Therefore,  at  this  concentration  it  would  appear  from  our  ri'sults  that  9.0. S%  of  tlu; 
radioactivity  can  be  reproducibly  recovered,  and  that  only  3.3%  remained  adsorbed  to 
the  wall  of  the  vessel. 

Hill  ((S)  has  been  able  to  elute  the  adsorbed  insulin- 1‘-*'  having  hyiioglycemic  activity 
by  treating  the  container  with  o%  gelatin.  Fiider  our  conditions  the  radioactivity  was 
not  ri'adily  reniovi'd  by  repeated  washings  with  water.  Howi'ver,  approximately  .o0% 
of  the  uniirotected  adsorbial  radioactivity  could  be  ri'covi'red  when  a  solution  containing 
10  mg.  HS.V  per  ml.  was  incubated  in  the  drained  beakers.  No  attempt  was  made  to 
demonstrati'  hyiioglyi'emic  activity  of  the  insulin-1'’*  in  our  experiments.  Howevi'r.  at 
the  level  of  substitution  of  the  commercially  availabh*  hormone,  ()..V-1.0  atom  1  jicr  (i.OOO 
molecular  weight  of  insulin,  full  biological  iiotency  has  been  assured.  No  loss  in  biological 
activity  should  have  resulted  from  our  exiieriments  since  no  inactivating  system  was 
present,  and  optimum  physical  conditions  were  clo.sely  maintained. 

Therefore,  it  would  apixair  to  be  usi'ful  to  employ  HS.V  in  a  final  concmitration  of  O.o 
mg. ml.  to  prevent  losses  of  insulin-l'^‘  by  adsorption  to  glass  surfaces  when  working 
with  dilute  solutions  which  may  not  contain  other  protein. 
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STEDIES  ON  THE  BIOEOOIC AE  ACTIVITY  OF  CONA DOTROBK'  EXTRACTS 
FRERAREI)  FRO.M  HCMAN  BOSTM ENOl’ACSAL  TRINE 

ABSTRAC'T 

Extracts  prepared  from  human  postmenopausal  urim*  hy  the  kaolin-acetone, 

tannic  acid  and  attapuliiite  methods  show  .similar  ratios  of  FSll  and  IC.SII  activities. 

It  is  sunj{est»‘(i  that  urinary  •■xtr.acts  prepared  hy  these  methods  can  he  assayed  in 

terms  of  reference  materials,  e.fj.  ll.M(i-2().\  and  ll.M<!-24,  prepared  hy  the  kaolin- 

acetone  met  hod. 

Most  investigators  now  asree  tliat  pituitary  tissue  derived  from  man  and  from  various 
animal  species  contains  tlie  two  tronadotropie  substance's,  follicle-.stimulatinf?  hormone 
(FSH)  and  interstitial  eell-stimulatintj;  hormone  (ICSH).  The  presence  of  both  FSH  and 
IC.'''H  activity  has  bei'ii  demonstrated  in  human  urine  of  both  sexes  and  a  various  atni's 
(1.2.  3,  4)  but,  at  the  time  of  writing,  a  satisfactory  .separation  of  human  urinary  FSH 
from  human  urinary  ICSH  has  not  been  achieved. 

It  has  been  shown  that  the  biological  activity  of  human  pituitary  gonadotrojiins 
(HI’(l)  in  urine  can  vary  with  the  metliod  of  extraction  employed  (4,  .5).  The  purpose 
of  tlu'  present  invc'stigation  was  to  obtain  further  information  on  the  influence  of  c'xtrac- 
tion  methods  on  the  biological  activity  of  urinary  HP(1.  'I'hree  extraction  methods  were 
used  and  the  material  jirepared  by  each  ti'chniciue  was  assayi'd  for  FSH  and  K'SH 
activity  by  ti'sts  generally  assumed  to  Ix'  six'eifie  for  these  hormones.  In  this  way  it  was 
possible  to  study  the  effect  of  the  extraction  method  on  the  ratio  of  tlu'se  two  activites. 

MATKRIALS  AND  MKTHODS 

1.  I’rine  eollerlion-s.  Postmenopausal  urine  was  collected  both  from  ambulant  and  from 
hospitalizt'd  subjects.  Two  si'parat*'  pools  of  urine  were  studied,  designated  lieneefortli  pool  1 
and  pool  2.  The  urine  was  stored  in  a  cold  room  at  4°  C  and  all  ('Xtractions  were  performed 
within  one  week  of  ^■ollection. 

2.  Ext  met  ion  methods.  These  were  as  follows: 

(a)  Tlu'  kaolin-aci'tone  method  of  boraine  and  Brown  (9).  In  this  technifpie  the  tri- 
calcium  phosphate  |>urification  procedure  was  omitted. 

(b)  The  tannic  acid  precipitation  method  of  Johnsen  (7). 

(c)  The  attapulgite  adsorption  method  of  Salhaiuck  (8). 

Five  liters  of  urine  were  extracted  by  each  method.  Pool  1  was  extracted  by  nu'thods  (b) 
and  (c)  only  while  in  pool  2  all  3  methods  were  used. 

3.  Bioassag  methods.  These  were  as  follows: 

(a)  Increase  in  ovarian  weight  in  intact  immature  mic<‘  treated  with  an  e.xcess  of  hu¬ 
man  chorionic  gonadotropin  (H('( !)  — “augmi'ntation  test”  (9).  This  test  measures  mainly 
F.SIl  activity. 

Rei'cived  October  10,  1990. 

'  Permanent  .\d(lress:  Department  of  Clinical  Endocrinology,  Tniversity  Hosjiitals. 
Zagreb,  Yugoslavia  (presently  attached  to  Department  of  C'linical  Endocrinology 
Birmingham  and  Midland  Hospital  for  Women,  Birmingham,  England). 
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Tabi.k  1.  Comparison  ok  extraction  methods-  1*ool  I 


Method  of 
extraetion 

Hioassay  method 

Design  of 
assay 

No.  of 
aniinal.s 

Index  of 
precision 

X 

Ri'solt 
IIMC 
units  liter 

I'idiieial  limits 
1)’  =0.!»5) 
Il.Mti  units  liter 

Tannic  acid 

Au^'iiientation  test 
Ilypopliyseetmnised  rat 

2  +2  ' 

14 

p.i:i 

tttt 

fi8  151 

precipitation 

prostate  test 

2  +2 

1.5 

o.i:i 

88 

ea  lai 

Mouse  uterus  test 

2+1 

11 

0.05 

85 

D8  ia7 

Attapnlgite 

Augmentation  tt‘St 
Mypop!iysectomis4*d  rat 

'  2  +2 

14 

0.18 

8a 

47-141 

adsorption 

prostate  test 

2  +2 

15 

o.i:i 

77 

.55  108 

Movise  uterus  test 

2+1 

ID 

(».05 

62 

60  87 

(1>)  Iiicroiisi*  ill  veiitriil  jirostiitic  wci^jlit  in  liypopiiyscctoinizcd  iinniutiirc  ruts  (10). 
This  tc“st  is  ncnerully  assumed  to  he  speeifie  for  ICSH  activity. 

(e)  Increase  in  uterine  \veit;!it  in  intact  immature  mice  (10).  'I’his  method  is  not  specific 
for  either  FSII  or  ICSII  hut  proviiles  an  inde.x  of  the  “total  gonadotropic  activity”  of  urinary 
extracts. 

4.  Dfniijn  of  aniKU/n.  In  all,  15  assays  were  performed,  hy  each  of  the  three  methods. 
Hesults  were  expressed  in  tc'rms  of  the  international  refenmce  iireparation  ll.M(i-24,  as  Il.Mti 
units/liter  of  urine.  In  all  instances  in  which  the  augmentation  and  hypophysectomized  rat 
prostate  tests  were  used  the  design  was  a  4-point  assay  with  two  doses  of  the  reference  material 
(S)  and  unknown  (C)  preparations  respectively,  and  with  eipial  spacing  of  the  log  dosi's. 
With  the  mouse  uterus  test  assays  on  pool  2  were  also  of  a  4-i)oint  design  hut  in  iiool  1  a  d- 
point  ilesign  with  2  doses  of  S  and  one  of  U  was  employed.  In  the  augmentation  and  hypo- 
physeetomized  rat  jirostate  tests  the  log  dose  interval  was  ecpial  to  log  lod  (0.477)  while  in 
the  mouse  uterus  test  the  corn'sponding  figure  was  log  io2  (O.dOl).  Total  closages  jier  animal 
of  II.M(i-24  used  in  constructing  the  (lose-efTect  curves  were  for  the  augmentation  test  1.0 
and  d.O  mg.;  for  the  hypophysectomized  rat  prostate  test  2.2  and  (1.0  mg.  and  for  the  mouse 
uterus  test  0.0  and  1.8  mg.  With  pool  1  the  extracts  were  administered  in  total  doses  per  ani¬ 
mal  equivalent  to  12.0  and  dO.O  ml.  of  the  original  urine  in  the  case  of  the  augmentation  test 
and  to  dO.O  and  00.0  ml.  in  the  case  of  the  hypoiihysectomized  rat  prostate  test.  With  pool  2 
the  corresjionding  figures  were  resjiectively  5.0  and  15.0  ml.  and  Id.O  and  dO.O  ml.  When  4- 
point  assays  were  conducted  hy  the  mouse  uterus  t»“st  on  pool  2  the  total  dose-eipiivalmits 
of  original  urine  jier  animal  were  5.0  and  10.0  ml. 

The  methods  used  in  jierforming  validity  tests  and  in  calculating  the  indices  of  precision, 
relative  potencies  and  limits  of  error,  have  heen  described  elsewhere  (1 1,  12).  It  should  he  em¬ 
phasized  that  in  no  assay  did  significant  ileviation  for  parallelism  occur.  The  index  of  dis¬ 
crimination  (18)  was  calculated  liy  dividing  the  result  obtained  by  one  method  by  that  ob¬ 
tained  by  another. 

RESULTS 

These  are  shown  in  Tables  1  and  2.  In  all  assays  tin'  degree  of  jirecision  was  satis¬ 
factory,  the  figure  for  “X”  being  below  0.20.  'I'he  mean  index  of  iirecision  for  tlii*  five 
assays  performed  by  the  augmentation  test  was  0.14  and  the  corresponding  figures  for 
the  hypophj’seetomized  rat  prostate  and  mouse  uterus  tests  were  respectively  0.18  and 
0.05. 

Tables  1  and  2  indicate  that  the  gonadotropic  activity  of  pool  1  was  considerably 
lower  than  that  of  i)ool  2.  In  iiool  1  the  lowest  figure  for  HP(1  concentration  was  02 
II.Md  units  liter  and  tlu'  highest  99  H.\I(1  units  liter;  tlu'  corresponding  figures  for 
pool  2  were  respectively  149  and  247  HMd  units,  liter. 


Table  2.  (’omparison  of  extraction  .methods  Pool  2 


Method  of 
extractifm 

Hioassay  method 

Di’sicn  of 
assay 

No.  of 
animals 

Iiidox  of 
prcc-ision 

Result 
iiMi; 
units  liter 

T'idueial  limits 
(!’  =0.05) 

11  Mil  units/liter 

Tannic  acid 

.Augmentation  test 
Hypophysectomiscd  rat 

2-1-2 

15 

o.ia 

247 

176  .162 

precipitation 

prostate  test 

2-1-2 

20 

0.14 

107 

166  317 

Mouse  uterus  test 

2-1-2 

15 

0.07 

178 

1.58  201 

.Xttapuisite 

Augmentation  test 
Ilypophyscctomis  *d  rat 

2-)-2 

16 

o.ia 

108 

140  278 

adsorption 

prostate  test 

2  4-2 

10 

o.ia 

140 

100  100 

Mouse  uterus  test 

2  4-2 

20 

0.05 

178 

160  100 

Kaolin-acetone 

Augmentation  test 
llypophysectomised  rat 

2  4-2 

1 

16 

0.15 

200 

140  316 

prostate  test 

2  4-2 

16 

0.10 

107 

154-262 

Mouse  uterus  test 

2  4-2 

18 

0.05 

178 

158-201 
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TaBI-E  3.  IxoiCES  OF  DISCRIMINATION  FOR  VARIOCS  COMBINATIONS  OF  TESTS 


Material 

totod 

Metlunl  of  extraction 

Index  of  discrimination 

Ovary  (mouse*)/ 
prostate  (rat) 

Prostate  (rat)  uterus  Ovary 
(mouse) 

(mouse)  uterus 
(mouse*) 

[•(mjI  I 

Tannic  acid  precipitation 

1. 12 

1.(14 

1.16 

Pool  I 

AttapulKile  adsorption 

1.(18 

1.24 

1..34 

Pool  2 

!  Kaolin-acc'tone 

I  (16 

1.11 

1.17 

Pool  2 

Tannic  acid  precipitation 

1.2.5 

1.11 

1.39 

Pool  2 

Attapulftite  adsorption 

1.33 

11.84 

1.11 

Tlic  (lata  in  coUimns  (i  and  7  show  that  in  both  jiools  the  HlHl  eoneentrations  ob- 
taiiu'd  by  different  extraction  inetliods  and  by  different  liiolof^ical  tests  agreed  reasonably 
well.  In  particular,  it  should  be  noted  that  in  all  as.^ays  on  pool  2  and  in  5  out  of  the  0 
assays  on  iiool  1  there  was  complete  overlap  of  the  fiducial  limits  of  error. 

The  indices  of  discrimination  (12)  obtained  from  the  various  combinations  of  assays 
are  shown  in  Table  3.  It  will  be  noted  that  all  values  closely  approximate  to  unity  indi¬ 
cating  that  the  materials  jirepared  by  the  three  extraction  methods  are  qualitatively 
similar.  The  figuri's  in  column  3  provide  an  estimate  of  the  ratio  of  FSH  to  IC'SH  ac¬ 
tivity  in  the  various  urinary  extracts;  it  is  aiiparent  that  the  method  of  extraction  of  the 
urine  had  little  or  no  effect  on  this  ratio. 

DISCUSSION 

The  present  investigation  has  shown  that  extracts  prejiared  from  jiostmenopausal 
urine  by  the  kaolin-acetone,  tannic  acid  and  attapulgite  methods  are  (pialitatively 
similar  and  that,  when  these  extracts  are  assayed  by  appropriate  biological  tests,  the 
ratio  FSH  activity^  IC’SH  activity  remains  apiiroximately  the  same.  This  fact  is  of 
imiiortance  in  clinical  assays  for  HlHl  where  an  extract  prepared  by  one  method  may 
have  to  be  assayed  against  a  standard  jirepared  by  another.  The  data  rejiortial  herein 
suiijiort  the  view  that  material  jirejiared  by  the  three  extraction  methods  studied  can 
justifiably  be  assayed  against  reference  jirejiarations  such  as  HM(l-24  and  HMCl-2().\ 
which  are  jirejian'd  by  the  kaolin-acetone  method.  It  must  be  emjihasized,  however, 
that  this  conclusion  ajijilies  only  to  the  three  extraction  methods  which  have  formed  the 
basis  of  this  study,  for  it  has  already  been  shown  that  material  jirejiared  in  other  ways 
e.g.  by  the  zeolite  (|)ernintit)  method  (4),  is  qualitatively  different  from  HMCJ-20.V. 

The  evidence  from  the  jiresent  study  is  at  variance  with  the  conclusions  of  Walter 
(5)  who,  using  the  mouse  uterus  and  hyjiojihysi'ctomized  rat  prostate  tests,  found  that 
(“xtracts  jirejiared  by  tlu*  tannic  acid  method  were  (jualitatively  different  from  those  jirc- 
jiared  by  the  kaolin-acetone  method.  The  reason  for  this  discrejiancv  is  not  clear  lint 
may  be  exjilaiiu'd  on  a  methodological  basis.  In  Walter’s  exjK'riments  the  tannic  acid 
method  used  was  that  of  Levin  and  Tyndale  (14)  while  in  the  jiresent  study  the  method 
of  .lohnsen  (7)  was  emjiloyed.  These  two  (‘xtraction  jirocedures  are  by  no  means  identical 
and  it  is  jiossible  that  bc'cause  of  difference's  in  technique,  the  final  jiroducts  obtained  arc 
(jualitatively  dissimilar. 
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THE  ENDOCRINE  SOCIETY 

The  1961  Annual  Meeting 

The  Forty-Third  Annual  Meeting  of  the  Endocrine  Society  will  be  held 
in  the  Hotel  Biltmore,  New  York,  N.  Y.,  Thunsday,  Friday  and  Saturday, 
June  22,  23  and  24,  1961. 

The  Scientific  Sessions  will  be  held  from  9:00  a.m,  to  5:00  p.m.  daily  and 
in  addition  there  will  be  simultaneous  afternoon  sessions.  The  annual 
dinner  is  scheduled  for  Friday,  June  2J,  at  7 ::10  p.m.,  preceded  by  cocktails 
at  6:80  p.m. 

All  members  are  urged  to  make  their  hotel  reservations  immediately. 
The  Biltmore  will  hold  800  bedrooms  for  members  until  May  1,  1961,  after 
which  time  the  hotel  will  not  guarantee  further  reservations.  Therefore 
it  is  imperative  that  you  make  your  re.servations  early,  directly  with  the 
hotel,  advising  them  of  time  and  date  of  arrival  and  departure.  If  you  plan 
on  remaining  through  June  26  for  the  American  Medical  Asssociation  and 
other  meetings,  it  is  imperative  that  your  reservations  be  made  from 
June  26  on  directly  through  the  A.M. A.  Housing  Bureau.  Make  your 
reservations  early  and  avoid  di.sappointment.  Hotel  reservation  card  will 
be  mailed  to  members  shortly  after  January  1,  1961. 

Final  program,  memliership  card  and  advance  registration  forms  will 
be  sent  on  May  1,  1961  to  members  whose  current  dues  have  been  paid. 

Those  wishing  to  present  papers,  which  will  be  .strictly  limited  to  ten 
minutes,  should  send  an  original  and  four  copies  of  the  title  and  alxstract 
to  the  Vice-Pre.sident,  Dr.  Boy  Hertz,  National  Cancer  In.stitute,  Be- 
the.sda,  Maryland,  not  later  than  February  15,  1961.  It  is  imperative  that 
the  abstracts  be  informative  and  complete  with  results  and  conclusions 
— not  a  statement  that  those  will  be  presented  at  the  meeting — in  order 
that  they  may  be  of  reference  value  and  suitable  for  printing  in  the  pro¬ 
gram.  The  reading  and  proce.ssing  of  approximately  two  hundred  abstracts 
submitted  each  year  and  compiling  of  the  program  from  these  involves  a 
tremendous  amount  of  time  and  effort  on  the  part  of  the  Program  Com¬ 
mittee. 

THE  COUNCIL  REQUESTS  THAT  AUTHORS  ADHERE  STRICTIA 
TO  THE  FOLLOWINd  RULES  WHEN  SUBMITTING  ABSTRACTS 
OTHERWISE  THEY  CANNOT  BE  CONSIDERED: 

1.  IT  IS  ASSUMED  THAT  ABSTRACTS  SUBMITTED  FOR  THU 
PROGRAM  HAVE  NOT  AND  WILL  NOT  BE  SUBMITTEl 
ELSEWHERE. 

2.  Abstracts  may  not  exceed  two  hundred  words,  or  equivalent  spaci 
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exclusive  of  title.  No  footnotes  or  acknowledgements  to  sponsors  can 
he  published.  Reference,  if  used,  must  be  placed  in  the  body  of  the 
text.  The  abstract  should  consist  of  a  single  paragraph,  if  possible. 
Structural  chemical  formula  cannot  be  used. 

3.  The  title  heading  must  be  arranged  as  follows: 

Line  1.  Title,  not  to  exceed  fifteen  words; 

Line  2.  Author/s.  The  name  of  each  non-member  author  collabo¬ 
rating  with  member-authors  is  to  be  followed  by  the  phrase 
“(by  invitation)”.  Names  of  non-members  who  are  intro¬ 
duced,  i.e.,  who  are  not  collaborators  with  member-authors, 
are  to  be  followed  by  the  phrase  “(introduced  by  .  .  .)”.  The 
principal  degree,  e.g.,  M.D.,  of  each  author  should  be  writ¬ 
ten  after  his  name. 

Line  3.  Institution  of  origin  and  city  in  which  institution  is  located. 
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LAUHKXTIAX  IIOHMOXK  COXFKHKXCK 

THK  10()1  Laureiitian  Hormone  Conference  of  the  AAAS  will  he  held 
at  Hohers’s  Resort,  Lake  County,  California,  during  the  week  Sep¬ 
tember  4-9.  Investigators  interested  in  attending  thi.s  Conference  should 
make  application  to  the  Committee  on  Arrangement  of  the  Laurentian 
Hormone  Conference,  222  Maple  Ave.,  Shrewshury,  Massachusetts,  at  an 
early  date  and  in  any  event  no  later  than  May  10,  1901.  A  conference  rate 
of  .S14..)()  per  day  per  person  is  extended  to  all  invited  participants,  with 
reduced  rates  for  children.  Since  the  numher  of  our  participants  is  neces¬ 
sarily  limited  hy  available  accommodations,  all  applications  are  screened 
and  invitations  to  attend  are  i.ssued  by  the  Committee  on  Arrangements  by 
the  .second  week  in  June.  Invitations  issued  to  applicants  will  include  fam¬ 
ily  members  and  indication  of  the  number  of  such  members  should  be 
made  upon  application  to  the  ('ommittee.  The  following  program  has  been 
arranged. 

1‘ttU  I.AI  HKNTI.W  HORMOXK  (OXFKRKXCK  PROCRAM 

SkI’TKMUKU  4  TUKOl’dH  0 

I.  HoHMONAI.  PoI,YI*KI>TIl>KS  AXI)  ThKIH  FcXCTIONAI.  .\<TIVITIK.S 

Isolation,  stnictvire,  synthesis  and  hiolof^ieal  activity  of  adrenocortieotropins  (AC'TH). 
('.  H.  I.i.  I’niversity  of  California.  Rerkcley. 

Mondoj)  evening,  September  4 


Synthetic  pituitary  hormones. 

Klaus  Ilofinann  and  Ilaruaki  Yajiina,  I'niversity  of  Pittsl)ur}ili  School  of  Medicine, 
Pittshurnh. 


Tuesdng  morning,  Septemb(r  5 


Studies  on  a  lipid-mobilizing  substance  of  the  jjituitary  Kland. 

Daniel  Rudman.  Robert  L.  Hirseh,  and  Forrest  F..  Kendall;  C'olumhia  University 
Research  Service,  Coldwater  Memorial  Hospital,  and  l)ej)artments  of  Medicine, 
Pathology  and  Hioelumiistry.  ('olh'nc  of  Physicians  &  Surgeons,  Xew  A’ork. 
Tuesdag  morning,  September  o 


Xormal  and  abnormal  n'Kulation  of  corticotropin  s»'eretion  in  man. 

Craiit  \V.  Liddle,  Donald  Island,  and  Clifton  Mea<ler;  Vanderbilt  University,  Xash- 
ville. 


Tueffdng  evening,  September  o 


.\nKioti‘nsin.  a  renal  hormone. 

Irvine  H.  Pane  and  F.  .M.  Rumpus.  The  Clevcdaml  Clinic,  Cleveland. 

W'ednesdoii  morning,  September  0 


II.  Thyhoii)  Hormoxks 

The  natural  oeeurrenee  of  Koitrofrenie  agents. 

Monte  A.  Creer,  University  of  Oregon  School  of  Medicine,  Portland. 

]\'edne,<tdn!i  morning,  September  6 


Some  extracellular  ami  intracellular  mechanisms  governing  the  utilization  of  thyroi' 
hormones. 
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.lamshfd  IE  Tata,  WeniuT-Orens  Instituto,  Stockholm,  Sweden. 

Wednesday  evening,  September  0 

111.  P.\KATHYKOII)  Ht)UM()XK 

Tl\e  chemistry,  biochemistry,  and  ])hysiolo}!;y  of  the  i)arathyroid  hormone. 

Howard  Rasmussen,  Rockefeller  Institute  for  Medical  Research,  New  York, 

Thursday  morning,  September  7 

Clinical  endocrinology  of  parathyroid  hormone  excess, 

(lilhert  S,  (Jordan,  I'.njfcmi'  l”iseid)er<>;  and  II.  E.  Token;  I'niversity  of  Californi:i 
.Medical  Center.  San  Francisco. 

Thursday  morning,  September  7 

lY.  Stkkoii)  Houmoxks 

Methods  f(*r  measuring  estroffens  and  their  application  to  i)roblems  in  gynecology  and 
obstetrics. 

.1.  H.  lirown  and  (1.  D.  Matthew,  Clinical  I'.ndocrinology  Reseandi  T'idt.  lidinbnrgh, 
Scotland. 

Friday  morning,  September  S 

Some  studies  of  the  mecl.anism  of  estrogen  action. 

lilwood  V.  .lensen,  Ihm  May  Laboratories.  I’niversity  of  Chicago,  Chicago. 

Friday  morning,  September  S 

,\nti-estrogens. 

C.  \V.  Kmmens,  l)ei)artment  of  Yeterinary  Physiology,  Sydney,  .Vustralia. 

Friilay  evening,  September  .S’ 

The  use  of  cortisone  to  condition  hosts  for  successful  tissiu'  grafting. 

Helene  Wallace  Toolan,  Sloan-Kettering  Institute  for  Cancer  Res(‘arch,  New  York. 
Saturday  morning,  September  !> 


.V  comparison  of  th*'  mechanisms  of  hormonal  and  sid)strat('  induction  of  rat  liver 
tryptophan  jnrrolase. 

I’hilij)  Feigelson,  M.  Feigelson  and  ().  (Ireengard;  Columbia  I'niversity  Institute  of 
Cancer  Research,  New  York. 

Saturday  morning,  September  U 
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FIRST  EUROPEAN  (X)LLOQUE  ON  ENDOCRINOLOGY 

Tlie  First  lOuropeaii  ColhMpie  on  laulocrinolopiy,  organized  by  the  “Asso¬ 
ciation  Medicale  France-Espagne”  and  the  Medical  School  of  Barcelona, 
will  he  held  from  20th.  to  22nd.  May,  1901  (Whitsuntide),  in  the  Park- 
Hotel  San  Jorge,  on  the  “Costa  Brava,”  some  70  kms.  north  of  Barcelona. 

The  Conference  will  consist  of  a  series  of  lectures  on  clinical,  experi¬ 
mental  and  biochemical  endocrinology,  which  will  be  delivered  by  eminent 
scientists  from  various  European  countries.  After  each  lecture  there  will  be 
a  brief  di.scussion,  during  which  short  communications  on  the  .specific  sub¬ 
ject  will  be  accepted. 

.\  limited  number  of  rooms  have  been  reserved  in  the  Hotel  in  which  the 
Conference  will  be  held  for  tho.'^e  who  first  indicate  that  they  will  attend. 
Full  board  and  lodging,  including  taxes,  is  only  pesetas  :^00  per  head  per 
day,  which  is  eciuivalent  to  $o  U.S.A. 

All  imiuiries  and  request  to  join  the  meeting  should  be  addressed  to  Dr. 
Joseph  M.  Canadell,  Avenida  Generah'.simo  497,  Barcelona,  15,  Spain. 


